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A recent taxonomic revision of the Neotropical catfish genus Rhamdia (Pisces: 
Siluriformes: Heptapteridae) reduced a number of described species to synonymy, 
especially under a broadly circumscribed R. quelen. Evidence is presented here from 
DNA sequence data, external and internal morphology, and morphometrics that argues 
for the recognition of R. guatemalensis in Central and northern South America and R. 
saijaensis and R. cinerascens in the Pacific drainages of Colombia and Ecuador, 
respectively. The DNA data indicate that all trans-Andean samples form a monophyletic 
group, within which there are separate clades corresponding to R. laticauda and the 
synonymized R. guatemalensis, R. saijaensis, and R. cinerascens. The morphometric data 
substantiate the phylogenetic groupings, and in external morphology, each putative 
species has diagnostic characters. The external and internal morphological differences 
and phylogenetic relationships indicate that these groups are both recognizable and 
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Rhamdia is a genus of Neotropical catfishes distributed from southern Mexico to 
middle Argentina. Rhamdia belongs to family Heptapteridae, which consists of small- to 
medium-sized species and forms one of the largest groups of Neotropical catfishes 
(Bockmann &Guazzelli, 2003). Rhamdia is the only representative of the family to reach 
North America and also to have sympatrically distributed species north of Panama 
(Perdices et al., 2002). Thus, the genus provides an opportunity to apply a study of its 
phylogenetic history to biogeography and ecology. 
Despite its distinctiveness, Heptapteridae were undiagnosed and included in 
Pimelodidae until recently. The first recognition of the group as different was made by 
Regan (1911), who designated a subgroup of genera that share distinctive osteological 
characteristics, although he still placed the group in the Pimelodidae. This group was 
composed exclusively of Heptapterus, Nannoglanis, Pimelodella, and Rhamdia. Later, 
Lundberg and McDade (1986) included more taxa in this group and noted that the group 
was monophyletic based on cladistic techniques, but it was still treated as an unnamed 
“pimelodid” clade. Lundberg et al. formally recognized the group as a subfamily 
Rhamdiinae Bleeker (1862) in 1991. In 1993, De Pinna raised Rhamdiinae to family 
rank. In 1996, Silfvergrip noted that the name Heptapterinae Gill (1861) had priority over 
Ramdiinae Bleeker (1862), but it was not until 2003, with a chapter publication by 
Bockmann and Guazzelli (2003) entitled “Family Heptapteridae ( Heptapterids),” that the 





Heptapteridae are diagnosed by five synapomorphies (Lundberg & McDade, 
1986; Ferraris, 1988; Lundberg et al., 1991): 1. the posterior limb of the fourth transverse 
process is laterally expanded above the swim bladder and notched one to several times; 2. 
the neural spines of the Weberian complex centrum are joined by a straight-edged, 
horizontal or sometimes sloping bony lamina; 3. the process for the insertion of the 
levator opercula muscle on the posterodorsal corner of the hyomandibula is greatly 
expanded; 4. the quadrate has a free dorsal margin and bifid shape, with its posterior and 
anterior limbs articulate separately with hyomandibula and metapterygoid; and 5. the 
presence of an anteriorly recurved process (“mesethmoid hook”) drawn out from the 
ventro-lateral corner of the mesethmoid. In spite of being easily diagnosed by means of 
anatomical features, heptapterids lack unique externally visible characteristics, making 
their distinction difficult from some members of Pimelodidae and Pseudopimelodidae 
(Bockmann & Guazzelli, 2003).   
As with the family, the distinctive features of Rhamdia are mainly internal. The 
genus Rhamdia can be diagnosed by the following characters: 1. the first pectoral fin ray 
is hard; 2. the occipital process does not reach the dorsal plate; and 3. a humeral spine is 
present. Even though these anatomical characters are clear, they can be easily missed 
because they are internal. In addition, a number of anatomical features, such as changes 
in the Weberian apparatus, are variable within the genus and may provide data for 
recognizing species. The Weberian apparatus is an anatomical structure that connects the 
swim bladder to the auditory system in otophysan fishes, which include the 
Cypriniformes, Characiformes, Gymnotiformes, and Siluriformes (Nelson, 1994). In 





evolutionary change (Chardon et al., 2003), as catfishes inhabit and are active in low-
light environments (nocturnally active bottom-dwellers) (Bruton, 1996).  
Before the monographic work of Silfvergrip (1996), the genus included 116 
nominal species (Table 1.1). Silfvergrip’s revision of Rhamdia reduced the genus to 11 
species: Rhamdia foina, distributed in the Essequibo River, Branco River, Trombetas 
River, and Tocantis River (Guyana and Brazil);  Rhamdia humilis, found only in rivers 
around Caracas, Venezuela, along the Caribbean coast; Rhamdia itacaiunas, known only 
from the middle reaches of the Tocantins Rivers and tributaries (Brazil);  Rhamdia 
jequitinhonha, known only from the type locality in the Araçuaí River in the 
Jequitinhonha drainage in eastern Brazil; Rhamdia laticauda, distributed from central 
Mexico to northern Panama from both Pacific and Caribbean slopes; Rhamdia laukidi, 
found in the Amazon, Orinoco, and Essequibo basins; Rhamdia muelleri, known from the 
Orinoco and Amazon, as well as the Essequibo River; Rhamdia nicaraguensis, only 
known from Nicaragua and Costa Rica; Rhamdia poeyi, known only from the headwaters 
of the Napo River in Ecuador, Mamore River in Bolivia, and Tocantins River in Brazil; 
Rhamdia  xetequepeque, known only from the type locality in the Xetequepeque River in 
the Pacific versant of Peru; and Rhamdia quelen, with an ample distribution ranging from 








List of all 116 nominal species of Rhamdia, before the synonymy made by Silfvergrip 
(1996). 
 
Rhamdia alfaroi     Rhamdia eriarcha    Rhamdia laticauda   
Rhamdia amatitlanensis    Rhamdia foina     Rhamdia laticauda laticauda   
Rhamdia amatitlensis    Rhamdia gilli     Rhamdia laticauda typhla   
Rhamdia arekaima    Rhamdia godmani    Rhamdia laukidi   
Rhamdia argentina    Rhamdia grunniens    Rhamdia lehmanni   
Rhamdia barbata    Rhamdia guairensis    Rhamdia longicauda   
Rhamdia baronismuelleri   Rhamdia guasarensis    Rhamdia luigiana   
Rhamdia bathyura   Rhamdia guatemalensis    Rhamdia macuspanensis   
Rhamdia bathyurus    Rhamdia guatemalensis depressa   Rhamdia managuensis   
Rhamdia brachycephalus   Rhamdia guatemalensis muriei   Rhamdia marthae   
Rhamdia brachypterus    Rhamdia guatemalensis oaxacae   Rhamdia microcephala   
Rhamdia branneri    Rhamdia guatemalensis sacrifici   Rhamdia microps   
Rhamdia branneri voulezi   Rhamdia guatemalensis stygaea   Rhamdia minuta   
Rhamdia bransfordii    Rhamdia heteracantha    Rhamdia motaguensis   
Rhamdia breviceps    Rhamdia heteracanthus    Rhamdia mounseyi   
Rhamdia cabrerae    Rhamdia hilari     Rhamdia muelleri   
Rhamdia cinerascens    Rhamdia hilarii     Rhamdia nasuta   
Rhamdia cyanostigma    Rhamdia holomelas   Rhamdia nicaraguensis  
Rhamdia depressa    Rhamdia humilis    Rhamdia oaxacae  
Rhamdia dorsalis    Rhamdia hypselurus    Rhamdia obesa   
Rhamdia duquei     Rhamdia itacaiunas    Rhamdia ortoni   
Rhamdia eigenmanniorum   Rhamdia jequitinhonha    Rhamdia parryi   





Table 1.1 (continued). 
List of all 116 nominal species of Rhamdia, before the synonymy made by Silfvergrip 
(1996). 
 
Rhamdia pentlandi    Rhamdia rogersi    Rhamdia vilsoni   
Rhamdia petenensis    Rhamdia sacrificii    Rhamdia wagneri   
Rhamdia poeyi     Rhamdia saijaensis    Rhamdia wilsoni   
Rhamdia policaulis    Rhamdia salvini     Rhamdia wolfi   
Rhamdia pubescens    Rhamdia sapo     Rhamdia xetequepeque   
Rhamdia quelen     Rhamdia schomburgki    Rhamdia zongolicensis 
Rhamdia quelen urichi    Rhamdia typhla   
Rhamdia reddelli    Rhamdia underwoodi   
Rhamdia regani     Rhamdia velifer   
Rhamdia riojae      
 
Some ichthyologists, however, have not accepted Silfvergrip’s circumscriptions 
due to the degree of morphological variation and habitat specialization within the genus, 
for example, in caves (Greenfield et al., 1982; Miller, 1984; Wilkens, 1993; Weber & 
Wilkens, 1998; Weber et al, 2003; DoNascimiento et al., 2004; Bichuette & Trajano, 
2005). Analyses of DNA data also indicate that Silfvergrip’s “species” are not natural 
units. For example, even though Silfvergrip synonymized Rhamdia guatemalensis with 
Rhamdia quelen, the distinction of these two species is supported by the work of Perdices 
et al. (2002), in which phylogenetic analysis of mtDNA sequences places Rhamdia 
quelen from Central America in a distinct, well-supported clade from the Rhamdia quelen 





Delimiting species is a complex task, especially when there are not obvious 
morphological characters that group individuals into separate taxa. Resolving issues of 
species delimitation is very important, not only for systematics and comparative biology 
but also for ecology, biogeography, and conservation (e.g., Agapow et al., 2004; 
Bortolus, 2008; Maclaurin & Sterelny, 2008; Frankham et al., 2012). 
For this research, species are the smallest groups diagnosable by a unique set of 
character states (Phylogenetic Species Concept sensu Nixon and Wheeler, 1990). Once 
the species are recognized, they should correspond to lineages (either monophyletic or 
paraphyletic) recovered in cladistic analysis of populational samples. Monophyletic 
groups correspond to single origins of a species; paraphyletic groups correspond to 
species from which another (or several) monophyletic species (e.g., cave species) have 
evolved. 
General Objective 
The purpose of this study is to prepare a taxonomic reassessment of the genus 
Rhamdia from Central America and the trans-Andean region of Colombia by updating 
the species delimitations, phylogenetic relationships, and biogeography.  
Specific Objectives 
1.  To point out and describe morphological and osteological, characters of the different 
Central American and trans-Andean species of Rhamdia.  
2. To apply morphometric techniques to elucidate morphological patterns. 
3. To delimit (or circumscribe) species based on shared history and presence of 
diagnostic features, and then to apply correct names to the species. 
4. To infer the phylogenetic relationships of the Central American and trans-Andean 





5. To elucidate the biogeographical history of these species, with a focus on Central 
America and trans-Andean Colombia. 
 
Hypothesis Testing 
Several hypotheses can be tested by realizing the above objectives: 
Hypothesis 1: Rhamdia guatemalensis is morphologically and genetically distinct from R. 
quelen. 
Hypothesis 2: Central American Rhamdia are most closely related to trans-Andean 
Rhamdia from Colombia than to cis-Andean Rhamdia. 
Hypothesis 3: Rhamdia’s biogeographical history follows the generalized model of other 
freshwater fish in Central America, that is, the relationships among the fishes (and 
populations of the fishes) reflect the relationships among the drainages and 
geological history. 
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GENETIC AND MORPHOMETRIC EVIDENCE FOR THE RECOGNITION OF 
SEVERAL RECENTLY SYNONYMIZED SPECIES OF TRANS-ANDEAN RHAMDIA 
(PISCES: SILURIFORMES: HEPTAPTERIDAE) 
Abstract 
A recent taxonomic revision of the Neotropical catfish genus Rhamdia (Pisces: 
Siluriformes: Heptapteridae) reduced a number of described species to synonymy, 
especially under a broadly circumscribed R. quelen. Evidence is presented here from 
DNA sequence data, external morphology, and morphometrics that argues for the 
recognition of R. guatemalensis in Central and northern South America and R. saijaensis 
and R. cinerascens in the Pacific drainages of Colombia and Ecuador, respectively. The 
DNA data indicate that all trans-Andean samples form a monophyletic group, within 
which there are separate clades corresponding to R. laticauda and the synonymized R. 
guatemalensis, R. saijaensis, and R. cinerascens. The morphometric data substantiate the 
phylogenetic groupings, and in external morphology, each putative species has diagnostic 
characters. Rhamdia guatemalensis is characterized by insertion of the adipose fin closer 
to the dorsal fin than to the caudal fin and presence of a conspicuous lateral longitudinal 
dark band; Rhamdia saijaensis is characterized by a small head with head length 20.8–
23.4% of standard length and by lacking a lateral longitudinal band; and R. cinerascens is 
characterized by a large head with head length 25.8–30.1% of standard length, base of the 
adipose fin 30.3–33.3% of standard length, outer mental barbels extending to the base of 
the pectoral rays, and presence of a faint lateral longitudinal band. The external 





both recognizable and represent independent lineages, which argue for their recognition 
as species. 
Introduction 
Rhamdia is a genus of neotropical freshwater catfish. Before the monographic 
work of Silfvergrip (1996), the genus included 116 nominal species.  Silfvergrip’s 
revision of Rhamdia reduced the genus to 11 species, of which only three were assigned 
to Central America: Rhamdia laticauda (Kner, 1857), R. nicaraguensis (Günther, 1864), 
and R. quelen (Quoy & Gaimard, 1824), the latter including R. guatemalensis (Günther, 
1864), R. saijaensis Rendahl (1941), and R. cinerascens (Günther, 1860). Three species 
were recognized in Colombia (R. quelen, R. laukidi Bleeker, 1858, and R. muelleri 
Günther, 1864). Some ichthyologists, however, have not accepted Silfvergrip’s 
circumscriptions due to the degree of morphological variation, very wide geographical 
distributions, and habitat specialization within the species as he circumscribed them, for 
example, including cave-dwellers (Greenfield et al., 1982; Miller, 1984; Wilkens, 1993; 
Weber & Wilkens, 1998; Weber et al, 2003; DoNascimiento et al., 2004; Bichuette & 
Trajano, 2005). Analysis of DNA data also indicates that Silfvergrip’s “species” are not 
natural units in terms of lineage history. For example, even though Silfvergrip 
synonymized Rhamdia guatemalensis with R. quelen, the distinction of these two species 
is supported by the work of Perdices et al. (2002), in which phylogenetic analyses of 
mtDNA sequences place R. quelen of Central America in a distinct clade from the typical 
R. quelen of South America. 
Resolving issues of species delimitation is very important, not only for 





conservation (e.g., Agapow et al., 2004; Bortolus, 2008; Maclaurin & Sterelny, 2008; 
Frankham et al., 2012). Traditionally, phenetic differences and reproductive isolation 
were key elements of species discrimination (e.g., Eldredge & Cracraft, 1980; Mayr, 
1963), although some authors highlighted the importance of lineage history in their 
ontology (e.g., Simpson, 1961; Wiley, 1992). With the greater ease of generating and 
analyzing genetic data, inferring lineage history has become a commonly used 
methodological component of inferring species boundaries (e.g., Carstens et al., 2013; 
Sites & Marshall, 2003; Wiens & Penkrot, 2002). De Queiroz (2007) has recently argued 
that the various concepts of species fundamentally agree that species are “separately 
evolving metapopulation lineages.” He notes, however, that the methods of inference or 
precedence among criteria may differ. Some of these criteria, for example, recognize 
units as species because they are phenetically distinguishable, diagnosable, reciprocally 
monophyletic, reproductively isolated, or occupy different ecological niches (de Queiroz, 
2007). In order to clarify the circumscription of species in Rhamdia, focusing on 
Colombia and Central America, additional collections were made and studied genetically 
and morphometrically in order to infer lineage history and to test whether putative 
species are phenetically distinguishable, diagnosable, and/or occupy different ecological 
niches.  
Materials and Methods 
Sampling 
Thirty-three Rhamdia specimens belonging to the San Juan River drainage in the 
Colombian Pacific basin, Orotoy River in the piedmont of the Orinoco River, upper 





Maracaibo basin were collected. Muscle tissue was preserved in 97% ethanol for DNA 
extraction, and voucher specimens were preserved in 10% formaldehyde and kept in 70% 
ethanol and deposited in the Zoological Reference Collection IMCN of the Museo de 
Ciencias Naturales Federico Carlos Lehmann Valencia del INCIVA in Cali, Colombia 
(Table 2.1, individuals 1–33). In addition, DNA sequences used in previously published 
papers for 53 other Rhamdia individuals and five outgroup taxa in Heptapteridae were 
downloaded from GenBank (Table 2.1). 
DNA Extraction, Amplification, and Sequencing 
DNA was extracted using a DNeasy Blood & Tissue Kit (Qiagen, Valencia, CA, 
USA) following the manufacturer’s protocol. The mitochondrial cytochrome b (cyt b) 
gene was amplified using a PCR Sprint Thermal Cycler (Thermo Electron, Milford, MA, 
USA) with the primers GluDGL (5′–TGA CCT GAA RAA CCA YCG TTG–3′) 
(Palumbi, 1996) and H16460 (5′–CGA YCT TCG GAT TAC AAG ACC G–3′) 
(http://nmg.si.edu/bermlab.htm). Cytb1030R (5′–TCT ACT GGY ATT CCD CCR ATT 
CA–3′) was developed as an alternative reverse primer and was used for some samples. 
DNA was amplified in a volume of 50 µL, containing 25 µL Takara Ex Taq premix 
(Takara Bio, Otsu, Shiga, Japan), 18 µL water, 2.5 µL of each primer, and 2.0 µL of 
template DNA; or 25 µL Takara Ex Taq premix, 10 µL TBT-PAR (enhancer) 
(Samarakoon et al., 2013), 8.0 µL water, 2.5 µL of each primer, and 2.0 µL of template 
DNA. The polymerase chain reaction (PCR) consisted of an initial preheat at 94°C for 
120 s; denaturation at 94°C for 45 s, annealing at 53°C for 45 s, and extension at 72°C for 
90 s, repeated for 5 cycles; and 94°C for 45 s, 58°C for 45 s, and 72°C for 90 s, repeated 





Purification Kit (Qiagen, Valenica, CA, USA) and sent for sequencing with the same 
primers used for PCR to Eurofins Genomics (Huntsville, AL, USA). 
Alignment and Phylogenetic Inference 
The DNA sequences of mitochondrial cytochrome b (cyt b) were cleaned and 
assembled in Sequencher 5.0 (Gene Codes Corp., Ann Arbor, MI), aligned using 
ClustalX, using the default settings (Thompson et al., 1997), and trimmed so that most 
species included the same number of characters (700 bp). The phylogeny was 
reconstructed using parsimony, maximum likelihood (ML), and Bayesian inference (BI) 
optimality criteria.  
Parsimony analyses were performed using NONA (Goloboff, 1993) initiated 
through WinClada (Nixon, 2002). Uninformative characters were deactivated, and 10 
sequential rachet operations (Nixon, 1999), each with 200 iterations holding one tree per 
iteration at a 10% random constraint level. These trees were then saved and swapped to 
completion in NONA. To assess the stability of clades given these data, a bootstrap 
analysis (Felsenstein, 1985) was performed. The matrix was sampled 1000 times, where 
each replicate consisted of 10 random additional sequences holding one tree. 
Bayesian inference was performed using MrBayes 3.2.2 (Ronquist et al., 2012), 
and maximum likelihood analyses were performed using GARLI v. 2.0 (Zwickl, 2006). 
jModelTest 2.1.4. (Guindon & Gascuel, 2003; Posada, 2008; Darriba et al., 2012) was 
used to select the model of nucleotide substitution most appropriate for the data. Data 
were also partitioned by codon position, and a best model for each partition was selected 
using PartitionFinder (Lanfear et al., 2012). To estimate the posterior probabilities 





run for 5 × 10
6
 generations each. Topologies were sampled every 1000 generations. A 
50% majority-rule consensus tree was constructed after eliminating the first 1.25 × 10
6 
generations (i.e., 1250 trees). Convergence was assessed by observing the standard 
deviation values, ensuring that values were less than 0.01. For ML, four search 
replications were performed, and the topology with the best scoring result (largest –ln 
score) was saved. Clade support was calculated by 1000 bootstrap replicates, which were 
mapped onto the best tree.  
Divergence Times Estimation 
Divergence times along with phylogenetic relationships were estimated using a 
Bayesian approach implemented in BEAST v1.7.5 (Drummond & Rambaut, 2007). One 
individual from each major lineage was arbitrarily chosen to represent the clade. 
Credibility intervals (95% highest posterior density [HPD]) were used as branch support.  
Since there are no known fossil records for Heptapteridae, two calibration points were 
used, one for the Pseudopimelodidae node and one for the Pimelodidae node, which are 
part of the outgroup. Cephalosilurus from the Miocene of South America (Lundberg et 
al., 2010) was used to calibrate the Pseudopimelodidae node (lognormal distribution, 
mean 0.1, SD 0.8, offset 11.5, range 15.9–11.5 million years ago [mya]), and the 
Pimelodus group (Lundberg et al., 2010) from the Paleogene of South America was used 
to calibrate the Pimelodidae node (lognormal distribution, mean 0.6, SD 1.0, offset 30.0, 
range 40–30 mya) (Campbell, 2004). Although additional fossils in other outgroups are 
known, the number of outgroups was minimized so as to avoid problems of analysis due 
to saturation of the DNA data. Six iterations of Markov chain Monte Carlo (MCMC) 
analysis were conducted with 3 × 10
7





estimate the Bayesian topology. Divergence times were estimated using an uncorrelated 
lognormal relaxed clock model (Drummond et al., 2006) and the Yule pure birth 
speciation model. Convergence was checked in Tracer v1.5 and the files were combined 
using Log Combiner v1.7.5.  All post-burnin trees yielded an effective sample size (ESS) 
of >200 for all model parameters. Summary trees were generated using TreeAnnotator 
v1.7.5, all part of the BEAST package. Final trees were displayed using FigTree v1.4.0 
(Drummond and Rambaut, 2007).  
Genetic Distance 
In order to determine divergence between sequences, pairwise genetic distances 
for Rhamdia clades were calculated from the mitochondrial cyt b dataset in MEGA v6.06 
(Tamura et al., 2013).  
External Morphology 
A total of 67 Rhamdia individuals ranging in standard length (SL) of 66–228 mm 
were examined. Observations of body shape and coloration were made to compare 
external morphology, and 58 morphometric variables (Table 2.4) were taken on the left 
side of the individuals as straight-line distances with a digital caliper to the nearest 0.1 
mm following DoNascimiento et al. (2004), Weber et al. (2003), Bichuette and Trajano 
(2005), and Ortega-Lara (2012).  Principal component analysis (PCA) was used to assess 
morphometric variation among individuals. The analysis was implemented in PAST 
version 2.17c (Hammer et al., 2001). Data were not log-transformed, but the isometric 








A total of 86 Rhamdia sequences were used for the phylogeny reconstruction, of 
which 33 constitute new data and 53 come from previously published data. Five 
sequences of Heptapteridae were used as outgroups. A complete list of all sequences 
along with locality information and GenBank accession numbers can be found in Table 
2.1. Given that cyt b is a coding region, alignment with ClustalX was straightforward, 
and no adjustment was needed. 
Table 2.1  
Individuals used in the present study. Data from tissue samples 1–33 are newly published 
here; data from samples 34–113 were previously published. Slope refers to Atlantic (A) 
or Pacific (P) basins. 
 
Code  Tissue Species Basin/Drainage Country Slope GenBank Number 
 
1 IMCN-TE00018 R. saijaensis San Juan COL P KM489074 
2 IMCN-TE00019 R. saijaensis San Juan COL P KM489075 
3 IMCN-TE00020 R. saijaensis San Juan COL P KM489076 
4 IMCN-TE00021 R. saijaensis San Juan COL P KM489077 
5 IMCN-TE00022 R. saijaensis San Juan COL P KM489078 
6 IMCN-TE00030 R. laukidi Meta-Orinoco COL A KM489079 
7 IMCN-TE00031 R. laukidi Meta-Orinoco COL A KM489080 
8 IMCN-TE00032 R. laukidi Meta-Orinoco COL A KM489081 
9 IMCN-TE00033 R. laukidi Meta-Orinoco COL A KM489082 
10 IMCN-TE00034 R. laukidi Meta-Orinoco COL A KM489083 
11 IMCN-TE00035 R. laukidi Meta-Orinoco COL A KM489084 
12 IMCN-TE00002 R. guatemalensis Alto Magdalena COL A KM489085 
13 IMCN-TE00003 R. guatemalensis Alto Magdalena COL A KM489086 
14 IMCN-TE00004 R. guatemalensis Alto Magdalena COL A KM489087 
15 IMCN-TE00005 R. guatemalensis Alto Magdalena COL A KM489088 
16 IMCN-TE00006 R. guatemalensis Alto Magdalena COL A KM489089 
17 IMCN-TE00007 R. guatemalensis Alto Magdalena COL A KM489090 
18 IMCN-TE00028 R. guatemalensis Alto Magdalena COL A KM489091 
19 IMCN-TE00029 R. guatemalensis Alto Magdalena COL A KM489092 






Table 2.1 (continued). 
 
Code  Tissue Species Basin/Drainage Country Slope GenBank Number 
 
21 IMCN-TE00009 R. guatemalensis Catatumbo COL A KM489094 
22 IMCN-TE00010 R. guatemalensis Catatumbo COL A KM489095 
23 IMCN-TE00011 R. guatemalensis Catatumbo COL A KM489096 
24 IMCN-TE00012 R. guatemalensis Catatumbo COL A KM489097 
25 IMCN-TE00013 R. guatemalensis Catatumbo COL A KM489098 
26 IMCN-TE00014 R. guatemalensis Catatumbo COL A KM489099 
27 IMCN-TE00015 R. guatemalensis Catatumbo COL A KM489100 
28 IMCN-TE00016 R. guatemalensis Catatumbo COL A KM489101 
29 IMCN-TE00017 R. guatemalensis Catatumbo COL A KM489102 
30 IMCN-TE00023 R. guatemalensis San Juan COL P KM489103 
31 IMCN-TE00024 R. guatemalensis San Juan COL P KM489104 
32 IMCN-TE00026 R. guatemalensis San Juan COL P KM489105 
33 IMCN-TE00027 R. guatemalensis Alto Cauca COL A KM489106 
34 MNCN 1430MEX  R. guatemalensis Ostuta MEX P AY036640 1 
35 MNCN 1431MEX R. guatemalensis Ostuta MEX P AY036641 1 
36 STRI-8096 R. guatemalensis Belize GU A AY036642 1 
37 MNCN 10275GU R. guatemalensis Los Esclavos GU P AY036645 1 
38 STRI-8734 R. guatemalensis Patuca HO A AY036649 1 
39 STRI-14533 R. guatemalensis San Juan NI A AY036657 1 
40 STRI-2163 R. guatemalensis San Juan CR A AY036658 1 
41 STRI-220  R. guatemalensis Sixaola CR A AY036661 1 
42 MNCN 84SA  R. guatemalensis Laguna Jocotal SAL P AY036666 1 
43 MNCN 62SA  R. guatemalensis Laguna Jocotal SAL P AY036667 1 
44 STRI-8970  R. guatemalensis Choluteca HO P AY036669 1 
45 STRI-13476  R. guatemalensis Negro NI P AY036670 1 
46 STRI-7569 R. guatemalensis Chagres PN A AY036674 1 
47 STRI-2049 R. guatemalensis Terraba CR P AY036676 1 
48 MNCN 774IST R. guatemalensis San Felix PN P AY036678 1 
49 STRI-3191 R. guatemalensis Santa Maria PN P AY036679 1 
50 STRI-4880  R. guatemalensis Bayano PN P AY036681 1 
51 STRI-3638  R. guatemalensis Bayano PN P AY036682 1 
52 STRI-3562  R. guatemalensis Tuira PN P AY036683 1 
53 STRI-4112 R. guatemalensis Tuira PN P AY036684 1 
54 STRI-1670 R. guatemalensis Mandinga PN A AY036686 1 
55 STRI-1525  R. guatemalensis Atrato COL A AY036687 1 
56 STRI-1526 R. guatemalensis Atrato COL A AY036688 1 
57 STRI-1569  R. guatemalensis Atrato COL A AY036689 1 
58 STRI-1419  R. guatemalensis Baudo COL P AY036690 1 
59 STRI-9570 R. guatemalensis Patia COL P AY036691 1 
60 STRI-816  R. guatemalensis Magdalena COL A AY036692 1 
61 STRI-12004  R. guatemalensis Magdalena COL A AY036693 1 
62 STRI-VZ-1  R. guatemalensis Lago Maracaibo VZ A AY036694 1 
63 STRI-VZ-2  R. guatemalensis Lago Maracaibo VZ A AY036695 1 
64 Rhamdialati  R. laticauda Gue. de Juarez MEX P AF287456 1 
65 STRI-8199  R. laticauda Polochic GU A AY036709 1 
66 STRI-8284 R. laticauda Polochic GU A AY036710 1 
67 STRI-13670 R. laticauda Escondido NI A AY036711 1 





Table 2.1 (continued). 
 
Code  Tissue Species Basin/Drainage Country Slope GenBank Number 
 
69 STRI-2161  R. laticauda San Juan CR A AY036714 1 
70 STRI-2162 R. laticauda San Juan CR A AY036715 1 
71 STRI-8729 R. laticauda Patuca HO A AY036724 1 
72 STRI-8966 R. laticauda Choluteca HO P AY036726 1 
73 STRI-6345 R. laticauda Chiriqui Viejo PN P AY036730 1 
74 STRI-10085 R. laticauda Cocle del Norte PN A AY036732 1 
75 STRI-2686 R. laticauda Indio PN A AY036733 1 
76 STRI-722  R. laticauda Anton PN P AY036734 1 
77 STRI-12103 R. cinerascens Daule ECU P AY036735 1 
78 STRI-12104 R. cinerascens Daule ECU P AY036736 1 
79 VZ-53 R. laukidi Orinoco VZ A AY036737 1 
80 MH-317  R. laukidi Orinoco VZ A AY036738 1 
81 MH-198 R. quelen Essequibo GYN A AY036739 1 
82 STRI-425  R. quelen Manu-Amazon PER A AY036740 1 
83 STRI-517 R. quelen Manu-Amazon PER A AY036741 1 
84 STRI-2308 R. quelen Parana ARG A AY036742 1 
85 STRI-2224 R. quelen Parana ARG A AY036743 1 
86 STRI-2458 R. quelen Parana ARG A AY036744 1 
87 MNCN 953IST  Pimelodella chagresi Santa Maria PN P AY036748 1 
88 STRI-271 Pimelodella chagresi Chagres PN A AY036750 1 
89 STRI-3556 Pimelodella chagresi Tuira PN P AY036751 1 
90  Pimelodella sp.  CisTranA  EF564740 1 
91  Brachyrhamdia sp.  CIsA  DQ119489 1 
92  Cephalosilurus apurensis CisA  DQ486762 1 
93  Pseudopimelodus villosus CisA  DQ119471 1 
94  Pseudopimelodus raninus CisA  DQ119384 1 
95  Steindachneridion scripta CisA  DQ486765 1 
96  Leiarius pictus  CisA  DQ486764 1 
97  Leiarius longibarbis  CisA  DQ486766 1 
98  Brachyplatystoma vaillantii CisA  JF898513 1 
99  Brachyplatystoma rousseauxii CisA  JF898519 1 
100  Brachyplatystoma capapretum CisA  JF898520 1 
101  Brachyplatystoma filamentosum CisA  JF898523 1 
102  Brachyplatystoma tigrinum CisA  JF898514 1 
103  Brachyplatystoma platynemum CisA  JF898515 1 
104  Brachyplatystoma juruense CisA  JF898517 1 
105  Pimelodus albicans  CisA  EF564726 1 
106  Pimelodus ornatus  CisA  EF564741 1 
107  Pimelodus pictus  CisA  AY458896 1 
108  Parapimelodus valenciennis CisA  EF564739 1 
109  Pimelodina flavipinnis  CisA  JF898527 1 
110  Cetopsorhamdia sp   CisTranA  DQ119442 1 
111 STRI-1192  Imparfinis lineatus   Coto CR P AY036745 1 
112 STRI-11587  Heptapterus panamensis  Tuira PN P AY036746 1 






The parsimony matrix consisted of 417 non-informative and 283 potentially 
informative characters. Of the 81,900 character state cells, 1079 (1.3%) constituted 
missing data. The tree search yielded 627 most parsimonious trees (MPTs) of 1901 steps 
(CI = 0.26, RI = 0.73). Given the similarity to the tree from ML and BI, the strict 
consensus tree is not shown (see Appendix 2.A). Bootstrap support was high for most 
clades of interest, and values are mapped onto the Bayesian tree (Figure 2.1). 
The analyses indicate that Rhamdia is a monophyletic group with 95% bootstrap 
support (BS), although our analyses do not include enough of the South American or 
troglobitic (cave) species for making a broad-scale conclusion about monophyly of the 
genus. Several authors have doubted the monophyly of Rhamdia (Bichuette & Trajano, 
2005; Bockmann, 1998; Bockmann & Miquelarena, 2008; Lundberg et al., 1991). Within 
Rhamdia, two clades are recovered: (1) a cis-Andean clade, i.e., those occurring on the 
southern and eastern slopes of the Andes which generally flow into the Amazon or 
Orinoco basins, with 89% bootstrap support consisting of R. quelen sensu stricto  and R. 
laukidi, and (2) a trans-Andean clade, i.e., those occurring on the northern and western 
slopes of the Andes which flow into the Pacific or Caribbean, with 90% bootstrap support 
consisting of R. laticauda and three taxa sometimes considered part of R. quelen sensu 
lato (Silfvergrip, 1996): R. guatemalensis, R. cinerascens, and R. saijaensis. Given these 
relationships and the accompanying morphometric data (see below), we will hereafter 






Figure 2.1. Phylogram produced by Bayesian analysis of the mitochondrial cyt b data in 
MrBayes. Values on branches represent bootstrap values from parsimony analysis / 






 Within the cis-Andean clade, there is a clade of R. quelen sensu stricto (100% BS) 
and a clade of R. laukidi (91% BS). Within the trans-Andean clade, there is a clade of R. 
guatemalensis (96% BS) and a clade (40% BS) of R. cinerascens and R. saijaensis + R. 
laticauda (72% BS). Although the stability of the signal for the clade of R. cinerascens, 
R. saijaensis, and R. laticauda is weak, these relationships are realistic geographically 
(see Divergence times estimation below). The stability of the signal for each of the 
species clades is much stronger: 100% for R. cinerascens, 100% for R. saijaensis, and 
96% for R. laticauda. Resolution within R. guatemalensis was mostly poor, with the 
backbone of the phylogeny lacking significant bootstrap support. At a finer scale, 
relationships among geographically close entities are supported, for example, 
neighboring drainages within the Maracaibo, Magdalena, and Pacific basin of Colombia 
are recovered together. 
jModelTest selected the HKY+I+G as the best fitting model for the data and was 
used in the maximum likelihood and Bayesian analyses. PartitionFinder selected different 
models for each codon position (TrNef+I+G, HKY+G, GTR+G for first, second, and 
third positions, respectively), and results using these partitions were compared against 
those obtained by HKY+I+G; topologically, the differences were minimal, and results 
from use of HKY+I+G are presented here. Bayesian inference yielded a consensus tree 
(Figure 2.1) topologically very similar to that of parsimony inference. Posterior 
probabilities indicate high support for each of the putative species (PP 100%) and for 
inter-relationships among the clades recovered in the parsimony analysis, except for the 
sister relationship of R. cinerascens to R. saijaensis and R. laticauda (PP 81%). Overall, 





support were largely consistent among nodes (Figure 2.1; Appendices 2.A–2.B). The 
trees obtained by parsimony, maximum likelihood, and Bayesian analysis were very 
similar, as expected (Rindal & Brower, 2011). 
Divergence Times Estimation 
A total of 36 sequences were used for the divergence time estimates analysis 
(Table 2.1). Twenty-four sequences belonging to representatives of Pimelodidae, 
Pseudopimelodidae, and Heptapteridae were used as outgroups. The remaining 12 
sequences belonged to individuals of Rhamdia. The resulting chronogram using the 
HKY+I+G model, including the outgroups and calibration points, is shown in Appendix 
2.C. The analysis was repeated using the partition models suggested by PartitionFinder, 
which yielded slightly more recent divergence dates, possibly due to saturation of the 
DNA data (not shown). 
The time calibrated phylogeny inferred by BEAST suggests that the genus 
Rhamdia diverged from its closest relative in the early Miocene (mean 18.2 mya, 95% 
HDP: 10.3–26.5 mya; node A in Figure 2.2A). The trans-Andean and cis-Andean clades 
were estimated to have diverged in the Miocene (mean 10.5 mya, 95% HDP: 6–15.3 
mya; node B in Figure 2.2A). The first radiation of the trans-Andean clades, which 
resulted in the formation of four major clades (corresponding to R. cinerascens, R. 
saijaensis, R. laticauda, and R. guatemalensis), was estimated to have occurred during 
the late Miocene (mean 6.9 mya, 95% HDP: 3.8–10.4 mya; node C in Figure 2.2A, 2.2B). 
The cis-Andean species R. laukidi and R. quelen were estimated to have diverged from 
each other also during the late Miocene (mean 7.3 mya, 95% HDP: 3.7–11.4 mya; node 





Andean clades.  Rhamdia saijaensis and R. laticauda were estimated to have diverged 
from their closest relative R. cinerascens during the late Miocene (mean 6 mya, 95% 
HDP: 3–9.1 mya; node E in Figure 2.2A, 2.2B). Rhamdia saijaensis and R. laticauda 
were estimated to have diverged from each other during the mid-Pliocene (mean 3.8 mya, 
95% HDP: 1.5–6.4 mya; node G in Figure 2.2A, 2.2B). Within R. guatemalensis, 
divergence began by the Pliocene (mean 2.3 mya, 95% HDP: 1.1–3.7 mya; node F in 
Figure 2.2A, 2.2B), corresponding to time following the completion of the Isthmus of 
Panama at about 2.8 mya (Marshall & Sempere, 1993). The phylogeny indicates that 
closest relatives within the species do not necessarily occupy the same major drainages 
(e.g., Caribbean vs. Pacific), which hints at the role of sea level change in the region 
and/or possible stream capture with the continuing orogeny of the northern Andes. For 
example, although the Río San Juan belongs to the Pacific drainage, Rhamdia individuals 
there are more closely related to those of the Río Atrato basin, which flows into the 
Caribbean. The divergence between these drainages is estimated at only 0.7 mya (mean; 
0.2–1.3 mya, 95% HDP). Likewise, the closest relatives of Rhamdia in the Río 
Catatumbo and the Río Magdalena occur in the Tuira basin of Panama, which flows into 







Figure 2.2. A. Cropped divergence time estimates chronogram from BEAST for several 
Rhamdia species. The resulting chronogram including outgroups and calibration points is 
shown in Appendix 2.C. All posterior probabilities were above 50%. (•) indicate 
posterior probabilities <90%. No mark indicates posterior probabilities >90%. The dotted 
line indicates time of completion of the Panama Isthmus at about 2.8 mya. The scale bar 
indicates time in million years. B. BEAST cladogram overlaid on map showing area of 
distribution of clades. Numbers at nodes are million years ago (mya). Values in 
parentheses represent the 95% HPD intervals. The dotted line indicates the separation 






Average within-species p distances for the mitochondrial cyt b for Rhamdia 
species (Table 2.2) were all relatively small, ranging from 0.00 for R. cinerascens, R. 
laukidi, and R. saijaensis, to 0.05 for R. quelen sensu stricto. Nucleotide divergence 
between species (Table 2.2) ranged from 0.06 (R. guatemalensis–R. laticauda; R. 
cinerascens–R.guatemalensis) to 0.10 (R. laukidi–R. laticauda; R. saijaensis–R. laukidi; 
R. quelen–R. saijaensis).                                                                                                                                                      
Table 2.2 
Nucleotide divergence between Rhamdia species included in this study, based on the 
mitochondrial cyt b dataset. Average within-species p distances are reported in bold 
along the diagonal. Species are abbreviated as follows: latic, R. laticauda; guate, R. 
guatemalensis; cinera, R. cinerascens; lauki, R. laukidi; quelen, R. quelen; and saija, R. 
saijaensis. 
 latic guate cinera lauki quelen saija  
Rhamdia laticauda 0.03 
Rhamdia guatemalensis 0.06 0.03 
Rhamdia cinerascens 0.07 0.06 0.00 
Rhamdia laukidi 0.10 0.08 0.09 0.00 
Rhamdia quelen 0.08 0.08 0.09 0.09 0.05 
Rhamdia saijaensis 0.07 0.08 0.07 0.10 0.10 0.00 
 
Average within-species p distances for the mitochondrial cyt b for Rhamdia 
guatemalenis clades (Table 2.3) was 0.00 except for the Central American (0.03) and 
Panamanian (0.01) clades. Nucleotide divergence between Rhamdia guatemalenis clades 






Table 2.3  
Nucleotide divergence between Rhamdia guatemalensis clades and Rhamdia species 
included in this study, based on the mitochondrial cyt b dataset. Average within-group p 
distances are reported in bold along the diagonal. Rhamdia guatemalensis clades and 
Rhamdia species are abbreviated as follows: R. guatemalensis CA, Central America; P, 
Panam; AM, Atrato–Mandinga; BS, Baudó–San Juan; PC, Patía–Alto Cauca; M, 
Magdalena; C, Catatumbo; latic, R. laticauda; cinera, R. cinerascens; lauki, R. laukidi; 
quelen, R. quelen; and saija, R. saijaensis. 
 
 CA P AM BS PC M C latic cinera lauki quel saij 
Central America (CA) 0.03 
Panamá (P) 0.04 0.01 
Atrato-Mandinga (AM) 0.04 0.03 0.00 
Baudó-San Juan (BS) 0.03 0.03 0.01 0.00 
Patía-Alto Cauca (PC) 0.04 0.03 0.02 0.02 0.00 
Magdalena (M) 0.04 0.03 0.03 0.04 0.03 0.00 
Catatumbo (C) 0.04 0.03 0.03 0.03 0.03 0.01 0.00 
Rhamdia laticauda 0.06 0.05 0.06 0.06 0.06 0.07 0.07 0.03 
Rhamdia cinerascens 0.06 0.07 0.06 0.06 0.06 0.06 0.06 0.07 0.00 
Rhamdia laukidi 0.09 0.08 0.08 0.08 0.08 0.09 0.08 0.10 0.09 0.00  
Rhamdia quelen 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.09 0.09 0.05 
Rhamdia saijaensis 0.08 0.08 0.08 0.08 0.08 0.09 0.09 0.07 0.07 0.10 0.10 0.00 
 
 
External Morphology and Morphometrics 
 Results of the principal component analysis (PCA) of the morphometric data 
reveal variation in shape among the trans-Andean Rhamdia clades corresponding to R. 
cinerascens, R. guatemalensis, R. saijaensis, and R. laticauda (Figure 2.3), concurring 
with the results of the phylogenetic analysis (Figure 2.1). Following a size correction by 
isometric Burnaby’s method in PAST, PC1 accounted for 65.36% of the total variance, 
PC2 accounted for 29.19%, and PC3 accounted for 5.45%. A direct comparison of 





differences in several body structures. Head length is greater in R. cinerascens than in R. 
saijaensis or R. laticauda, but not R. guatemalensis. Eye diameter is proportionally 
smaller in R. cinerascens than in the other three species. The dorsal fin base length in R. 
laticauda is proportionally smaller than in R. cinerascens, R. guatemalensis, or R. 
saijaensis. The adipose fin base length is greater in R. guatemalensis and R. saijaensis 
than in R. cinerascens or R. laticauda. The length of the pectoral fin spine is smaller in R. 
laticauda than in the other three species, and although the values of this variable overlap 
with those of R. cinerascens and R. guatemalensis, the range is smaller in R. laticauda.   
 Comparisons of the external morphology (Figure 2.4) shows that the adipose fin 
in R. guatemalensis is long and separated from the dorsal fin by just a short distance, as 
diagnosed by Gunther (1864), whereas in R. cinerascens  and R. saijaensis, the adipose-
fin is shorter and equally distant from the dorsal and caudal-fin, starting before the anus. 
The adipose fin in R. laticauda is short too, but more distant from the dorsal fin than the 








Figure 2.3. Principal component 1 (65.36%), 2 (29.19%) and 3 (5.45%) scores for 
morphometrics variables of the four trans-Andean Rhamdia clades.  () R. cinerascens 
(Guayas River Basin, Ecuador), (+) R. laticauda (Tulian, Lancetilla, Cangrejal, 
Chamelecon, and Papaloteca River Basins, Honduras), () R. guatemalensis (San Juan 
River Basin, Colombia), and  (X) R. saijaensis (San Juan River Basin, Colombia). 
Variables with large loading values for component 1 include insertion of adipose-fin to 
insertion of pelvic-fin (0.96), insertion of last adipose-fin to hipural complex (0.92), eye 
origin to insertion of dorsal-fin (0.87), snout to insertion of dorsal-fin (0.86), length of 
adipose-fin base (-1.03), insertion of adipose-fin to insertion of last anal-fin (-0.99), and 
length of dorsal-fin base (-0.86). Variables with large loading values for component 2 
include head length (1.13), interorbital distance (1.12), distance between maxillary 
barbells (1.05), distance between anterior naris (1.01), posterior naris to origin of eye 
(0.98), insertion of anal fin to insertion of last adipose fin (-0.93), and insertion of last 
dorsal fin to insertion of last adipose fin (-0.79). Variables with large loading values for 
component 3 include eye diameter (0.73), distance between posterior naris (-0.61), and 






Figure 2.4. Lateral view of the trans-Andean species of the genus Rhamdia (voucher, 
standard length). Scale bars equal 1 cm. A. Rhamdia laticauda (USM45594, 151 mm 
SL), Danto River, Honduras; B. Rhamdia guatemalensis (IMCN1046, 192 mm SL), San 
Juan River, Colombia; C. Rhamdia saijaensis (IMCN1432, 127 mm SL), San Juan River, 






Maxillary barbels are longer in R. guatemalensis, reaching a point between the 
end of the pelvic fin and the end of the median caudal-fin rays, in R. saijaensis extending 
between the insertion of the pelvic fin and the middle of the anal-fin base, in R. 
cinerascens reaching between the middle and end of the pelvic fin, and in R. laticauda 
reaching a point between the insertion of the pectoral fin and the insertion of the pelvic 
fin. The outer mental barbels are shorter in R. cinerascens, reaching the base of the 
pectoral-fin rays, in R. guatemalensis and R. saijaensis reaching the posterior end of the 
pectoral-fin rays, and in R. laticauda extending between the insertion of the pectoral fin 
and the middle of the pectoral-fin rays. Differences in body color patterns are also found 
between the four species. General coloration of the body in R. saijaensis and R. 
cinerascens ranges from maroon to dark gray, whereas for R. laticauda and R. 
guatemalensis is brownish.  R. guatemalensis and R. laticauda present a dark lateral 
longitudinal conspicuous band of variable width that start at the posterosuperior margin 
of the operculum and reach the base of the median caudal-fin rays. This band is diffuse 








Descriptive morphometrics of Rhamdia laticauda, R. cinerascens, R. guatemalensis, and 
R. saijaensis species. Values are given as percentages of standard length or head length. 
SD = standard deviation. 
 R. laticauda R. cinerascens R. guatemalensis R. saijaensis 
 n=23 n=4 n=16 n=25 
Character ________________     ________________      ________________     _________________ 
 Low High SD Low High SD Low High SD Low High SD 
 
Standard length (mm) 118 170  173 228  104 210  66 202         
 Percentage of standard length             
Snout to origin of eye 8.7 9.9 0.3 9.9 11.8 0.8 9.1 11.4 0.6 8.7 10.3 0.4 
Snout to insertion of pelvic-fin 37.4 49.8 2.4 49.3 54.7 2.4 47.6 51.0 1.0 46.8 56.1 1.9 
Snout to insertion of dorsal-fin 30.9 36.3 1.1 35.8 39.5 1.8 31.7 35.3 0.9 28.0 33.9 1.5 
Snout to insertion of pectoral-fin 19.5 23.3 0.9 22.7 27.0 1.9 22.0 26.5 1.3 21.4 26.4 1.3 
Eye origin to insertion of dorsal-fin 24.6 35.8 2.1 25.0 29.8 2.4 23.4 26.8 0.9 22.5 25.5 0.9 
Eye origin to insertion of pectoral-fin 11.2 15.0 0.8 14.7 18.2 1.5 12.9 17.3 1.3 12.8 17.1 1.1 
Eye origin to insertion of pelvic-fin 37.3 46.8 1.9 41.0 44.7 2.1 38.6 42.3 1.0 39.2 43.7 1.2 
Body depth at occipital process origin 12.2 19.9 1.5 13.8 14.9 0.6 12.4 17.3 1.2 13.3 23.0 1.9 
Insertion of pectoral-fin to insertion of dorsal-fin 17.9 21.9 1.0 18.9 23.3 1.9 14.0 27.8 2.8 12.8 19.6 1.4 
Length of dorsal-fin base 10.2 13.4 0.8 14.5 17.5 1.2 15.7 19.4 1.0 14.4 17.4 0.7 
Insertion of dorsal-fin to tip of cleithrum process 13.1 16.9 0.9 13.9 17.1 1.3 12.2 16.2 0.9 10.2 13.4 0.8 
Insertion of pectoral-fin to insertion pelvic-fin 25.7 30.7 1.3 27.5 29.1 0.7 22.9 30.3 1.9 23.1 30.4 1.7 
Body width between pectoral-fins 14.9 18.1 0.8 18.1 21.5 1.6 15.9 20.9 1.2 16.0 19.7 0.9 
Insertion of pectoral-fin to tip of cleithrum process 4.6 6.9 0.5 5.0 8.0 1.3 5.3 8.5 0.7 5.0 7.1 0.6 
Insertion of pelvic-fin to insertion of last dorsal-fin 12.8 18.6 1.3 19.0 23.0 1.8 14.4 20.2 1.3 11.6 25.6 3.3 
Insertion of pelvic-fin to insertion of anal-fin 17.0 20.9 1.2 18.3 22.0 1.7 18.7 25.8 1.7 17.0 22.4 1.3 
Insertion of pelvic-fin to insertion of last adipose-fin 42.0 47.2 1.5 41.7 45.8 1.8 43.6 52.7 2.2 44.6 48.6 1.1 
Insertion of pelvic-fin to tip of cleithrum process 22.2 26.2 1.1 21.2 26.8 2.4 18.4 25.0 1.8 22.2 26.9 1.2 
Insertion of last dorsal-fin to insertion of anal-fin 23.8 28.5 1.3 26.4 27.8 0.7 24.2 28.4 1.2 22.5 27.7 1.4 
Insertion of last dorsal-fin to insert. of last adip.-fin 36.9 46.9 2.3 39.4 43.6 2.0 38.9 45.7 2.0 41.4 48.9 1.8 
Insertion of last dorsal-fin to tip of cleithrum process 14.9 26.1 2.6 25.2 27.0 0.9 23.1 27.4 1.3 22.0 31.7 1.8 





Table 2.4 (continued). 
 R. laticauda R. cinerascens R. guatemalensis R. saijaensis 
 n=23 n=4 n=16 n=25 
Character ________________     ________________      ________________     _________________ 
 Low High SD Low High SD Low High SD Low High SD 
 
Length of anal-fin base 12.7 16.4 1.1 12.5 15.4 1.3 10.2 14.9 1.1 13.4 17.4 1.4 
Insertion of last adipose-fin to insert. of last anal-fin 12.8 16.8 1.0 11.3 15.5 1.8 13.6 16.0 0.7 13.2 16.1 0.9 
Insertion of last adipose-fin to hipural complex 8.9 13.3 1.1 10.8 12.7 1.0 8.7 10.8 0.5 7.8 10.3 0.6 
Insertion of last anal-fin to hipural complex 18.2 21.5 1.0 18.5 22.5 1.9 17.5 20.8 0.9 8.6 21.2 2.3 
Insertion of dorsal-fin to insertion of pelvic-fin 19.5 23.9 1.2 24.0 27.0 1.4 21.1 26.5 1.3 20.9 27.4 1.5 
Insertion of adipose-fin to insertion of pelvic-fin 18.3 24.2 1.3 20.8 25.5 2.1 14.4 20.3 1.4 12.9 18.1 1.4 
Insertion of dorsal-fin to insertion of adipose-fin 22.8 31.6 2.1 19.8 26.0 3.1 18.1 23.9 1.5 19.2 26.2 1.9 
Length of adipose-fin base 22.1 32.2 2.5 30.3 33.3 1.3 35.9 43.2 1.8 36.0 45.7 2.0 
Length of dorsal-fin spine 8.0 13.0 1.3 11.4 13.8 1.1 8.8 13.8 1.5 5.8 9.4 0.9 
Insertion of adipose-fin to insertion of anal-fin 15.2 19.7 1.2 19.7 24.3 1.9 19.8 26.4 1.7 17.2 22.4 1.7 
Insertion of adipose-fin to insertion of last anal-fin 21.3 27.6 1.6 25.8 30.5 2.1 30.9 35.8 1.3 28.5 34.9 1.9 
Insertion of anal-fin to hipural complex 31.9 36.9 1.4 30.8 33.4 1.2 29.7 39.3 2.2 27.5 35.7 1.8 
Adipose-fin height 2.5 5.5 0.7 4.0 4.7 0.3 4.1 7.5 1.0 3.6 6.5 0.7 
Length of pectoral-fin spine 5.7 9.6 0.9 9.1 12.3 1.3 9.9 14.8 1.3 9.0 13.7 1.0 
Head length 20.0 24.5 1.0 25.8 30.1 1.8 21.2 27.1 1.3 20.9 23.4 0.7 
 Percentage of head length             
Snout length 29.6 41.6 2.4 32.5 35.4 1.3 33.5 40.7 1.8 34.3 39.3 1.3 
Interorbital distance 32.0 41.6 2.0 35.8 41.9 2.6 35.3 40.6 1.6 34.0 40.3 1.5 
Eye diameter 15.1 20.8 1.3 10.6 14.5 1.9 13.2 23.2 2.4 13.0 18.2 1.4 
Snout to anterior right naris 10.2 15.2 1.3 12.6 16.0 1.7 10.5 16.1 1.7 3.1 9.6 1.3 
Anterior naris to posterior naris 13.5 18.4 1.1 12.7 19.1 2.7 15.5 21.7 1.5 13.1 20.8 2.2 
Posterior naris to origin of eye 14.0 18.9 1.2 16.0 18.8 1.2 17.6 21.5 1.2 16.6 20.3 1.1 
Distance between maxillary barbels  33.6 42.4 2.0 37.0 42.2 2.3 36.3 43.2 2.0 38.6 43.4 1.6 
Maxillary barbel base to origin of eye 20.2 29.4 2.2 22.6 26.5 1.9 25.9 30.6 1.4 26.7 32.6 1.5 
Distance between inner mental barbels base 13.0 21.7 2.2 15.5 18.3 1.2 12.9 21.7 2.0 18.0 25.5 1.9 
Distance between outer mental barbels base 31.4 41.0 2.5 32.9 35.9 1.3 33.7 39.3 1.6 38.8 45.5 1.7 








The results indicate that Rhamdia quelen sensu lato, as circumscribed by 
Silfvergrip (1996), represents more than a single lineage and includes groups of 
populations which are phenetically distinguishable and diagnosable. Thus, we argue that 
the individual lineages of Rhamdia that correspond to phenetically distinguishable groups 
should be recognized as species (cf. de Queiroz, 2007). In this case, R. cinerascens, R. 
guatemalensis, and R. saijaensis should be removed from synonymy and recognized at 
the specific rank. In addition to being phenetically distinguishable (see External 
morphology and morphometrics above), these groups are reciprocally monophyletic with 
strong branch support (Figure 2.1) and large nucleotide divergence values (>0.05, Table 
2.2), and in some cases even occupy different ecological niches. For example, although 
R. guatemalensis and R. saijaensis live in sympatry in the Cajambre and San Juan Rivers 
(Pacific drainage, Colombia), R. guatemalensis is more abundant and has a wide 
altitudinal distribution ranging from sea level to approximately 1000 m altitude. Rhamdia 
guatemalensis occupies different environments, including the main channel of rivers and 
streams, either with turbid waters and high sediment loads or with transparent waters and 
few nutrients. Rhamdia guatemalensis also prefers pools and slow-flowing waters of 
different depths with plant material deposits and heavy substrates such as rocks and 
stones that it uses as shelter during the day. On the other hand, R. saijaensis is restricted 
to the lower (downstream) part of the basins with preference for small streams of low 
discharge; it avoids the main channel of rivers or large streams with fast-flowing waters.  





composed of leaves and stems; it likes to remain buried in the substrate. This species is 
likely to be found in abandoned oxbow-like channels of streams or rivers that remain 
within the forest and are characterized by reddish stagnant waters where decomposition 
of organic matter is observed. Two other putative species, R. nicaraguensis (Günther, 
1864) and R. wagneri (Günther, 1868), have been recognized by some authors, but we 
concur with Perdices et al. (2002) that they are synonyms of R. laticauda and R. 
guatemalensis, respectively. 
 The results also indicate population structure within R. guatemalensis, mostly 
corresponding to drainages and geography (Figure 2.5). However, we were unable to find 
any diagnosable morphological characteristics between the individuals from different 
drainages, and given the low level of genetic divergence between the major clades (all 
≤0.04, Table 2.3), we argue that those populations do not show enough evidence of 
genetic or morphological differentiation (yet) for recognition at the species rank. 
Additional data, especially from nuclear DNA, would be useful for demonstrating gene 
flow, or lack thereof, in these populations. Given that this study is based on a single locus 
from the mitochondrion, additional DNA data would not only permit a more confident 
assessment of species relationships but also could reveal incongruence, for example, 
caused by introgression (e.g., Near et al., 2011). A more detailed morphological study is 
currently underway (Ortega-Lara et al., unpubl. data). 
Relationships and Biogeography 
The branching pattern of the tree topology (Figure 2.1) follows the historical 
models of the origin of watersheds from northern South America, which associate the 





followed by the formation of the Maracaibo watershed (Villa-Navarro, 2009). The 
divergence between the cis- and trans-Andean clades during the Miocene (mean 10.5 
mya, 95% HDP: 6–15.3 mya; node B in Figure 2.2A) coincides with the uplift of the 
Eastern Andes about 10 mya which separated the Magdalena from the Orinoco-Amazon 
watershed (Hoorn et al., 1995; Lundberg & Dahdul, 2008).  The divergence of R. laukidi 
from R. quelen (mean 7.3 mya, 95% HDP: 3.7–11.4 mya; node D in Figure 2.2A, 2.2B) 
coincides with the separation of the Orinoco and Amazon watersheds about 8 mya during 
the late Miocene (Hoorn et al., 1995; Lundberg & Dahdul, 2008). Dispersal and 
diversification within the trans-Andean clades was probably the result of marine 
transgressions and regressions during the late Miocene as well as the development of the 
Central and Western chains of the Andes mountains (Hubert & Renno, 2006; Lovejoy et 
al., 2006), although headwater capture may have also played a role (Albert et al., 2006; 
McCafferty et al., 2012). 
The distribution of Rhamdia guatemalensis ranges from the trans-Andean region 
of Colombia to southern Mexico, making it the most widespread species within the trans-
Andean group. Bootstrap support as well as Bayesian posterior probabilities for some of 
the clades (Catatumbo–Maracaibo, Magdalena, Baudó–San Juan, Atrato–Mandinga, and 
Patía–Alto Cauca) were high (Figure 2.1, 2.5A) suggesting enough differentiation 
between them. Nucleotide divergence was calculated between R. guatemalensis clades 
and the clades corresponding to Rhamdia species to compare their genetic divergence 
(Table 2.3). Values for p distance among R. guatemalensis clades were low (0.01–0.04)  
when compared to the clades corresponding to species that we are recognizing here 





that there has not been enough divergence within the clade for nested clades to be 
considered species. Genetic differentiation among R. guatemalensis clades can be 
explained in terms of the limits between major river drainages within the region. There 
are five major river drainages in Colombia (Figure 2.5B, 2.5C): two belong to the cis-
Andean region (Orinoco and Amazon) and three to the trans-Andean area (Caribbean, 
Catatumbo, and Pacific). The current distribution of the R. guatemalensis clades grouped 
by the phylogenetic analysis coincide with the current main drainage systems (Figure 
2.5).      
 
Figure 2.5. A. Phylogram produced by Bayesian analysis of the mitochondrial cyt b for 
Rhamdia guatemalensis clades. Values on branches represent bootstrap values / posterior 
probabilities. B. Location of each R. guatemalensis clade. The dotted line indicates the 
separation between the cis-Andean region to the east and the trans-Andean region to the 
west. C. Drainage basins in Colombia. 
 
The Catatumbo-Maracaibo clade (95% BS, PP 99%) is distributed in the 
Catatumbo drainage which is divided from the Magdalena and Orinoco basins by the 





and is part of the Lago Maracaibo system. The Magdalena clade (93% BS, PP 100%) 
belongs to the Magdalena system (Caribbean drainage basin) and is separated from the 
Orinoco and Amazon drainages by the high Eastern Cordillera of Colombia.  The Baudó–
San Juan clade (86% BS, PP 100 %) belongs to the San Juan system (Pacific drainage) 
which runs southwest to the Pacific. The Atrato–Mandinga clade (96% BS, PP 100 %) 
includes individuals from the Atrato River system, which flows north in Colombia to the 
Caribbean from its low divide with the San Juan River, and the Mandinga River system 
in Panama. Although the Atrato is geographically nearer to the San Juan and is separated 
only by a low divide, the phylogeny indicates that the relationships of those individuals 
are closer to individuals sharing the same ultimate basin (Caribbean). In addition, the 
Mandinga is very close to the Pacific drainages of Panama (e.g., Tuira, Bayano), only 
separated by the Serranía del Darien, but individuals from the Pacific drainage here are 
more closely related to others from the Pacific drainage in Panama and Costa Rica. The 
Patía–Alto Cauca clade (97% BS, PP 100%) is found in the Patía River system (Pacific 
drainage), which drain the westernmost Andes and narrow coastal plain, this clade also 
covers the upper reaches of the Cauca River. The Cauca River belongs to the Caribbean 
drainage basin but river capture could explain the relationship between individuals of 
Patía and Alto Cauca systems (Hoorn et al., 1995; Lundberg et al., 1998; Villa-Navarro, 
2009). 
About 72 genera in Colombia exhibit a distribution across the Andes, including 
three others in Heptapteridae (Cetopsorhamdia, Imparfinis, Pimelodella) (Villa-Navarro, 





in this study will provide a foundation for future studies, the totality of which may be 
able to disentangle finer-scale generalizations of Colombian phylogeography.    
Key to the Trans-Andean Species of Rhamdia 
1a. Eyes reduced or not visible externally, body pigmentation distinctly reduced ...........… 
………………………………………………………………………………. cave species  
1b. Eyes present and functional, body obviously pigmented………..……………..…….. 2 
 
2a. Base of dorsal fin 10.2–13.4% of standard length; origin of the adipose fin posterior 
to the anus; maxillary barbels extending to a point between the origin of the pectoral fin 
and the origin of the pelvic fin .……………………………………………… R. laticauda 
2b. Base of the dorsal fin 14.4–19.4% of standard length; origin of the adipose fin 
anterior to the anus; maxillary barbels extending beyond the origin of the pelvic fin...….3 
 
3a. Insertion of the adipose fin closer to the dorsal fin than to the caudal fin; a lateral 
longitudinal dark band present and conspicuous; body brown ...……… R. guatemalensis 
3b. Insertion of the adipose fin equidistant between the dorsal and caudal fins; a lateral 
longitudinal band faint or absent; body dark reddish brown (maroon) to dark gray......… 4 
 
4a. Length of the head 25.8–30.1% of standard length; base of the adipose fin 30.3–
33.3% of standard length; outer mental barbels extending to the base of the pectoral-fin 





4b. Length of the head 20.8–23.4% of standard length; base of the adipose fin 36.0–
45.7% of standard length; outer mental barbels extending to the posterior margin of the 
pectoral-fin rays; lateral longitudinal band absent ……………….……...…. R. saijaensis 
Material Examined 
Rhamdia laticauda: Honduras: USM31898, 1, 119 mm SL, Tulian River, 
underneath bridge over Tulian River on Hwy to Omoa (15°48'23.13"N, 87°56'48.40"W) . 
USM31854, 1, 137 mm SL, Lancetilla River at the dam on Lancetilla (15°42'50.86"N, 
87°27'21.54"W). USM45594, 4, 129–159 mm SL, Danto River (15°42'53.55"N, 
86°48'27.36"W). USM31863, 2, 127–133 mm SL, Lancetilla River, underneath a 
hammock bridge on path to the dam (15°43'19.24"N, 87°27'26.68"W). USM35533, 1, 
166 mm SL, Quebrada la Relumbrosa, Cangrejal river drainage at Comunidad Las 
Mangas (15°42'1.41"N, 86°43'0.84"W). USM45618, 1, 141 mm SL, Tributary of 
Lancetilla River, near bamboo tunnel (15°44'23.21"N, 87°27'18.29"W). USM45558, 1, 
150 mm SL, Quebrada del Viejo, Lancetilla river system, behind Lancetilla Botanical 
Garden Nursery (15°46'1.20"N, 87°27'14.40"W). USM45895, 1, 143 mm SL, Danto 
River, upstream from the Rio Danto bridge (15°45'5.54"N, 86°48'32.54"W). USM31640, 
1, 120 mm SL, Rio Piedras, Papaloteca River drainage, right at the community of Rio de 
Piedras Amarillas, at the city of Piedras Amarillas (15°39'13.60"N, 86°33'48.09"W). 
USM45577, 1, 170 mm SL, Cangrejal River, 2 km above Cangrejal Blanco junction road 
to the Camelias and El Japon (15°36'19.51"N, 86°38'41.50"W). USM35976, 1, 118 mm 
SL, Chamelecon River, at Casa de Maquinas (15°12'29.50"N, 88°35'15.00"W). 
USM31212, 1, 120 mm SL, Quebrada Tilinga, Papaloteca drainage, under the bridge 





(15°40'8.98"N,  86°29'30.89"W). USM35507, 2, 130–145 mm SL, Cangrejal River, right 
at the Cascada Lodge (15°44'2.20"N, 86°45'2.69"W). USM31578, 133 mm SL, Rio 
Viejo, Cangrejal River system, road to La Colorada (15°39'2.90"N, 86°42'29.64"W). 
USM31126, 2, 120–134 mm SL, Rio Santiago, around 800 m. upstream of the Tela/La 
Ceiba Hwy (15°37'29.36"N, 86° 2'38.34"W . USM35547, 2, 129 mm SL, Rio El Padre, 
Cangrejal River system, between the cities of San Antonio and Nueva Suyapa 
(15°40'18.03"N, 86°39'38.41"W). Rhamdia guatemalensis: Colombia: IMCN1897, 1, 
143.6 mm SL, Quebrada Pisabarro, cuenca del Río San Juan, Buenaventura, Valle del 
Cauca (4°11'9.53"N, 77°22'26.05"W). IMCN1046, 1, 192.0 mm SL, Río San Juan, 
Istmina, Chocó (5° 9'4.73"N, 76°41'27.46"W). IMCN4409, 1, 170.1 mm SL, Quebrada la 
Neta, cuenca del Río Cajambre, Buenaventura, Valle del Cauca (3°28'50.36"N, 
77°11'37.15"W). IMCN1773, 5, 109.4–210.0 mm SL Quebrada Teteral, cuenca del Río 
San Juan, Istmina, Chocó (5° 8'49.65"N, 76°41'23.73"W). IMCN2010–1, 152.0 mm SL, 
Quebrada Wegueral, cuenca del Río San Juan, Istmina, Chocó (5° 9'19.85"N,  
76°40'47.36"W). IMCN2006, 2, 144.8–166.0 mm SL, Quebrada Teteral, cuenca del Río 
San Juan, Istmina, Chocó (5° 8'50.98"N, 76°41'23.41"W). IMCN2053, 1, 116.8 mm SL, 
Río Chiquito, cuenca del Río San Juan, Buenaventura, Valle del Cauca, IMCN929, 2, 
123.8–173.0 mm SL, Quebrada Iguanero, cuenca del Río San Juan, Istmina, Chocó (5° 
9'26.57"N,  76°40'48.52"W). IMCN1837, 1, 103.5 mm SL, Quebrada Petecucho, cuenca 
del Río San Juan, Istmina, Chocó (5° 9'35.53"N,  76°40'47.57"W). IMCN2104, 1, 156.0 
mm SL, Quebrada Ochorero, cuenca del Río San Juan, Istmina, Chocó (5° 9'34.62"N, 
76°41'27.65"W). IMCN0084, 1, 88.04 mm SL, Río Escalerete, cuenca Río Dagua, 





128.17 mm SL, Quebrada Venenito, Cuenca del Río Cajambre, Buenaventura, Valle del 
Cauca (3°26'55.86"N, 77°10'18.51"W). IMCN1856, 1, 117.79 mm SL, Quebrada Teteral, 
cuenca del Río San Juan, Istimina, Chocó (5° 8'50.98"N, 76°41'23.41"W). IMCN1563, 4, 
139.68–79.99 mm SL, Quebrada Peinemono, cuenca del Río San Juan, Buenaventura, 
Valle del Cauca (4°12'25.42"N, 77°28'25.34"W). IMCN1939, 1, 107.07 mm SL, 
Quebrada Alejandro, cuenca del Río San Juan, Buenaventura, Valle del Cauca 
(4°10'20.69"N, 77°27'41.23"W). IMCN1008, 1, 108.9 mm SL, QuebradaWegueral, 
cuenca del Río San Juan, Istmina, Chocó (5° 9'19.85"N,  76°40'47.36"W). IMCN1047, 2, 
116.2–103.78 Río San Juan, Istmina, Chocó (5° 8'52.19"N,  76°41'25.72"W).  
IMCN1924, 1, 79.26 mm SL, Quebrada Checho, cuenca del Río San Juan, Buenaventura, 
Valle del Cauca (4° 9'50.05"N, 77°29'47.08"W).  IMCN1006, 1, 230.8 mm SL, Quebrada 
Ochorero, cuenca del Río San Juan, Buenaventura, Valle del Cauca (4°12'24.23"N, 
77°29'55.67"W). IMCN1019, 3, 190.73–88.91 mm SL, Río San Juan, Istmina, Chocó (5° 
8'52.19"N, 76°41'25.72"W). IMCN1830, 2, 187.5–132.7 mm SL, Quebrada Oro, cuenca 
del Río San Juan, Istmina, Chocó (5° 9'7.35"N, 76°41'25.83"W). IMCN1840, 23, 169.2–
100.23 mm SL, Río San Juan, Istmina, Chocó (5° 9'0.11"N,  76°41'27.99"W). Rhamdia 
saijaensis: Colombia: IMCN1836, 26, 185.0–66.1 mm SL, Quebrada Petecucho, cuenca 
del Río San Juan, Istmina, Chocó (5° 8'22.58"N, 76°41'16.50"W). IMCN5576, 2, 170.5–
164.2, Río Calima, cuenca del Río San Juan, Buenaventura, Valle del Cauca (4° 
0'10.88"N, 76°57'54.31"W). IMCN1432, 6, 147.82–113.46 mm SL, Rio San Juan, 
Istmina, Chocó (5° 8'35.73"N,  76°41'19.47"W). IMCN4813, 2, 183.35–166.11 mm SL, 
Quebrada la Neta, cuenca del Río Cajambre, Buenaventura, Valle del Cauca 





173.5 mm SL, Río Vinces en Vinces provincia de los Rios, Cuenca del rio Guayas 
(1°33'48.74"S, 79°45'35.00"W). 
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Appendix 2.A. Parsimony analysis of the mitochondrial cyt b data. Strict consensus with 






Appendix 2.B. Maximum likelihood analysis of the mitochondrial cyt b data. Most likely 
tree (highest –ln score) of four replications with bootstrap support values. Three of the 






Appendix 2.C. Divergence time estimates chronogram from BEAST for several Rhamdia 
species. Values on branches represent posterior probabilities. Bars correspond to 95% 








PHYLOGEOGRAPHY OF TWO FRESHWATER CATFISH SPECIES  
(HEPTAPTERIDAE: RHAMDIA) IN CENTRAL AMERICA 
Abstract  
Catfishes are very common in tropical Central and South America, comprising 
almost one-third of the freshwater fish species. Within one of the families of catfishes, 
the Heptapteridae, Rhamdia is the only genus to have sympatric species distributed in 
Central America. In this study, new data from Central American Rhamdia guatemalensis 
and R. laticauda are presented and combined with data from a previous study in order to 
clarify and augment knowledge about the relationships of Central American Rhamdia 
populations, which in turn was intended to further elucidate the relationships of drainages 
and biogeographic provinces. The phylogenetic inferences and haplotype networks of 
these two species provide support for the previous hypothesis that Rhamdia species 
dispersed rapidly through Central America from South America after the completion of 
the Isthmus of Panama and that population differentiation occurred later. Well-supported 
resolution of relationships among the populations is still lacking, even with additional 
data, but character state differences among populations indicate considerable divergence 
after colonization. 
Introduction 
Catfishes (order Siluriformes) are a very successful and cosmopolitan group, 
comprising 29% of all freshwater fish species (Ferraris & Reis, 2005). More than 3,400 
species belonging to about 478 genera and 37 families have been described, making them 
the third most diverse order among the vertebrates (Armbruster, 2011). Although some 





environments across the tropical regions of the world (Burgess, 1989; Ferraris, 1998; 
Ferraris, 2007).  
The freshwater ichthyofauna of Central America is derived from the neighboring 
North or South American regions. Most species of catfishes dispersing from the diverse 
areas of South America have been able to reach the southern part of Middle America 
(Honduras, El Salvador, Guatemala). The only genus that has dispersed as far as southern 
Mexico is Rhamdia (Miller, 1966). Rhamdia is a genus of neotropical primary freshwater 
catfish that has sympatrically distributed species in both South and Central America 
(Perdices et al., 2002; Hernández et al., 2015). Although a few catfish groups tolerate 
brackish water and two families are principally marine (Burgess, 1989), most catfishes 
are primary freshwater fishes that have little or no tolerance for brackish water, making 
their dispersal and distribution only successful through freshwater systems (Myers, 
1949). Given these constraints on dispersal, the genus Rhamdia offers a unique 
opportunity to establish how landscape and geologic history may have influenced their 
dispersal, geographic distribution, and population genetic structure in Central America. 
Change and range in elevation due to movements along major faults plus variation in 
climate due to latitudinal expanse have contributed to the geological complexity of 
Nuclear Central America (Hulsey & López-Fernández, 2011). Since the distribution of 
obligate freshwater fishes is often tied to or limited by geological events, these fishes 
offer an opportunity to study not only freshwater colonization from South America but 
also fine-scale geological modifications such as mountain uplift, recessions due to 
weathering, and changes in sea level, as inferred from distribution patterns and 





the distribution of the freshwater fish fauna also complex, with sometimes conflicting 
patterns (Bermingham & Martin, 1998; Lundberg et al., 1998; Hulsey & López-
Fernández, 2011; Mann, 2007).   
Perdices et al. (2002) provided a foundation for studying phylogeography of 
Rhamdia by sampling throughout Central America for two mitochondrial gene regions, 
cyt b and ATPase 8/6. Although they were able to recover 12 well-supported population 
lineages of Rhamdia laticauda and nine of R. guatemalensis, their results unfortunately 
provided weak support for relationships among these populations. However, given that 
their sampling was weak in some parts of Central America, particularly Nuclear Middle 
America, additional geographic sampling was undertaken to determine if it would clarify 
those relationships with greater support.  
Materials and Methods 
Sampling 
Sixty Rhamdia specimens from Honduras and Belize were collected by seining. 
Fin-clip samples were taken and preserved in 96–100% ethanol for DNA extraction. 
DNA voucher specimens were preserved in buffered formalin, transferred to 70% 
ethanol, and deposited in the University of Southern Mississippi Ichthyology Collection 
(USM). In addition, DNA sequences of 149 other Rhamdia individuals and 13 outgroup 
taxa in Heptapteridae were downloaded from GenBank (Table 3.1). 
DNA Extraction, Amplification, and Sequencing 
 DNA was extracted using a DNeasy Blood & Tissue Kit (Qiagen, Valencia, CA, 
USA) following the manufacturer’s protocol. The mitochondrial cytochrome b (cyt b) 





using a QIAquick PCR Purification Kit (Qiagen, Valenica, CA, USA) and sent for 
sequencing with the same primers used for PCR to Eurofins Genomics (Huntsville, AL, 
USA). 
Alignment and Phylogenetic Inference 
The DNA sequences of mitochondrial cytochrome b (cyt b) were cleaned and 
assembled in Sequencher 5.0 (Gene Codes Corp., Ann Arbor, MI),  aligned using 
ClustalX, using the default settings (Thompson et al., 1997), and trimmed so that most 
species included the same number of characters (700 bp). The phylogeny was 
reconstructed using parsimony, maximum-likelihood (ML), and Bayesian inference (BI) 
optimality criteria, as detailed in Hernández et al. (2015).  
Divergence Times Estimates 
Phylogenetic relationships and divergence times were estimated using a Bayesian 
approach implemented in BEAST v1.7.5 (Drummond & Rambaut, 2007). One individual 
from each main lineage was arbitrarily chosen to represent its clade. Credibility intervals 
(95% highest posterior density: HPD) were used as branch support.  Since there are no 
known fossils of Heptapteridae, two calibration points were used, one for the 
Pseudopimelodidae node and one for the Pimelodidae node, which were part of the 
outgroup. Cephalosilurus from the Miocene of South America (Lundberg et al., 2010) 
was used to calibrate the Pseudopimelodidae node (lognormal distribution, mean 0.1, SD 
0.8, offset 11.5, range 15.9–11.5 mya) and the Pimelodus group (Lundberg et al., 2010) 
from the Paleogene of South America was used to calibrate the Pimelodidae node 
(lognormal distribution, mean 0.6, SD 1.0, offset 30.0, range 40–30 mya) (Campbell, 





with 30 × 10
6
 generations sampled every 3000 generations to estimate the Bayesian 
topology. Divergence times were estimated using an uncorrelated lognormal relaxed 
clock model (Drummond et al., 2006) and the Yule pure birth speciation model. 
Convergence was checked in Tracer v1.5 and the files were combined using Log 
Combiner v1.7.5. Summary trees were generated using TreeAnnotator v1.7.5, all part of 
the BEAST package. Final trees were displayed using FigTree v1.4.0 (Drummond & 
Rambaut, 2007).  
Ancestral Area Reconstruction  
To reconstruct the historical biogeography of Rhamdia lineages and the most 
probable history of dispersal between South and Central America, statistical dispersal-
vicariance analysis (S-DIVA, Yu et al., 2010, as implemented in Reconstruct Ancestral 
State in Phylogenies –RASP 2.1b, Yu et al., 2012) was used. Geographical areas for 
individuals were coded according to their current distributions following the areas 
proposed by Matamoros et al. (2014), as cis-Andean (CisA), east of the Andes; trans-
Andean (TransA), west of the Andes to the Tuira and Chagres Rivers; Lower Middle 
America (LoMA), between the Tuira and Chagres Rivers and the Nicaragua Rise; 
Nuclear Middle America (NuMA), between the Nicaragua Rise and the Chortis block; 
and Northern Middle America (NoMA), between the Chortis Block and the USA-Mexico 
border. 
Genetic Structure 
Pairwise genetic distances for Rhamdia guatemalensis and R. laticauda 
populations were calculated from the mitochondrial cyt b DNA dataset in MEGA 6.06 





guatemalensis and R. laticauda populations were calculated using DnaSP 5.1 (Librado & 
Rozas, 2009). Minimum spawning trees among haplotypes were computed in Arlequin 
3.5 (Excoffier & Lischer, 2010). Haplotype networks were visualized using HapStar 0.7 
(Teacher & Griffiths, 2011). 
Results 
Phylogenetic Inference 
Parsimony, maximum likelihood, and Bayesian analyses were used to infer the 
phylogeny of 209 cyt b sequences of Rhamdia, of which 60 constitute new data and 149 
come from previously published work. Outgroups consisted of 13 previously published 
sequences from species of Heptapteridae. A complete list of all sequences along with 
locality information and GenBank accession numbers can be found in Table 3.1.  
Parsimony  
The data matrix consisted of 700 bp of cyt b DNA sequence data, of which 402 
were constant characters and 298 were potentially parsimony informative characters. The 
parsimony analysis yielded 8531 most parsimonious trees of 2137 steps (CI=0.24, 
RI=0.81). The strict consensus tree (Appendix 3.1) was mostly congruent with the ML 
and BI trees. The only differences were found between terminal clades of R. laticauda 
from Usumacinta–Belize–Polochic. Bootstrap support was high for all of the species, for 
most of the relationships among the species, and for fine-scale (often drainage-level) 
relationships within the species. However, support values were low among the fine-scale 
clades within R. guatemalensis and R. laticauda, and values are mapped onto the 
Bayesian tree (Figure 3.1). See Figures 3.3 and 3.4 for finer-scale bootstrap support 






 Rhamdia individuals and outgroups used in the present study. Data from tissue samples 
1–60 are new from this study; data from samples 62–239 are from previously published 
data. Slope refers to Atlantic (A) or Pacific (P) basins. Country/area abbreviations are as 
follow: CisA: cis-Andean, TranA: trans-Andean, ARG: Argentina, BZ: Belize, COL: 
Colombia, CR: Costa Rica, ECU: Ecuador, GU: Guatemala, GYN: Guyana, HO: 
Honduras, MEX: México, NI: Nicaragua, PER: Perú, PN: Panamá, SAL: El Salvador, 
and VZ: Venezuela. 
 
Code Tissue N. Species Basin/Drainage Country Slope GeneBank N. 
 
 
1 08 3019 R. guatemalensis Central River BLZ A None 
2 08 3018 R. guatemalensis Central River BLZ A None 
3 08 3049 R. guatemalensis Central River BLZ A None 
4 08 3048 R. guatemalensis Central River BLZ A None 
5 08 2918  R. guatemalensis Chamelecon HO A None 
6 08 2913 R. guatemalensis Chamelecon HO A None 
7 08 2917 R. guatemalensis Chamelecon HO A None 
8 08 2920  R. guatemalensis Chamelecon HO A None 
9 08 2919 R. guatemalensis Chamelecon HO A None 
10 08 2916  R. guatemalensis Chamelecon HO A None 
11 08 1096 R. guatemalensis Río Negro HO P None 
12 08 2991  R. guatemalensis Nacaome HO P None 
13 08 2992 R. guatemalensis Nacaome HO P None 
14 08 1057 R. guatemalensis Río Negro HO P None 
15 PBP 179  R. guatemalensis Nombre de Dios HO A None 
16 TH07 104 R. guatemalensis Goascoran  HO P None 
17 TH07 568 R. guatemalensis Motagua HO A None 
18 WAM06 282 R. guatemalensis Nombre de Dios HO A None 
19 WAM06 359 R. guatemalensis Ulúa HO A None 
20 08 2980 R. laticauda Ulúa HO A None 
21 08 2320  R. laticauda Nombre de Dios HO A None 
22 08 2321 R. laticauda Nombre de Dios HO A None 
23 08 2397 R. laticauda Nombre de Dios HO A None 
24 08 0835  R. laticauda Nombre de Dios HO A None 
25 08 2391 R. laticauda Nombre de Dios HO A None 
26 08 0935 R. laticauda Nombre de Dios HO A None 
27 08 0936  R. laticauda Nombre de Dios HO A None 
28 08 2376 R. laticauda Nombre de Dios HO A None 
29 PBP 139 R. laticauda Nombre de Dios HO A None 
30 PBP 143  R. laticauda Nombre de Dios HO A None 
31 PBP 174  R. laticauda Nombre de Dios HO A None 
32 PBP 178  R. laticauda Nombre de Dios HO A None 
33 PBP 182  R. laticauda Nombre de Dios HO A None 
34 PBP 195  R. laticauda Nombre de Dios HO A None 
35 PBP 202 R. laticauda Nombre de Dios HO A None 





Table 3.1 (continued). 
 
Code Tissue N. Species Basin/Drainage Country Slope GeneBank N. 
 
 
37 PBP 219 R. laticauda Nombre de Dios HO A None 
38 PBP 223 R. laticauda Lis Lis  HO A None 
39 TH07 399 R. laticauda Nacaome HO P None 
40 TH07 400 R. laticauda Nacaome HO P None 
41 TH07 432 R. laticauda Nacaome HO P None 
42 TH07 433 R. laticauda Nacaome HO P None 
43 TH07 434  R. laticauda Nacaome HO P None 
44 TH07 435 R. laticauda Nacaome HO P None 
45 TH07 437  R. laticauda Nacaome HO P None 
46 TH07 440  R. laticauda Nacaome HO P None 
47 TH07 476 R. laticauda Patuca HO A None 
48 TH07 477  R. laticauda Patuca HO A None 
49 TH07 479  R. laticauda Patuca HO A None 
50 TH07 480 R. laticauda Patuca HO A None 
51 TH07 494  R. laticauda Patuca HO A None 
52 TH07 529 R. laticauda Ulúa HO A None 
53 TH07 570 R. laticauda Motagua HO A None 
54 WAM06 208 R. laticauda Lis Lis  HO A None 
55 WAM06 209 R. laticauda Lis Lis  HO A None 
56 WAM06 210 R. laticauda Lis Lis  HO A None 
57 WAM06 215 R. laticauda Lis Lis  HO A None 
58 WAM06 339 R. laticauda Nombre de Dios HO A None 
59 WAM06 343 R. laticauda Nombre de Dios HO A None 
60 WAM06 358 R. laticauda Ulúa HO A None 
62 IMCN-TE 00002 R. guatemalensis Alto Magdalena COL A KM489085 
63 IMCN-TE 00003 R. guatemalensis Alto Magdalena COL A KM489086 
64 IMCN-TE 00004 R. guatemalensis Alto Magdalena COL A KM489087 
65 IMCN-TE 00005 R. guatemalensis Alto Magdalena COL A KM489088 
66 IMCN-TE 00006 R. guatemalensis Alto Magdalena COL A KM489089 
67 IMCN-TE 00007 R. guatemalensis Alto Magdalena COL A KM489090 
68 IMCN-TE 00008 R. guatemalensis Catatumbo COL A KM489093 
69 IMCN-TE 00009 R. guatemalensis Catatumbo COL A KM489094 
70 IMCN-TE 00010 R. guatemalensis Catatumbo COL A KM489095 
71 IMCN-TE 00011 R. guatemalensis Catatumbo COL A KM489096 
72 IMCN-TE 00012 R. guatemalensis Catatumbo COL A KM489097 
73 IMCN-TE 00013 R. guatemalensis Catatumbo COL A KM489098 
74 IMCN-TE 00014 R. guatemalensis Catatumbo COL A KM489099 
75 IMCN-TE 00015 R. guatemalensis Catatumbo COL A KM489100 
76 IMCN-TE 00016 R. guatemalensis Catatumbo COL A KM489101 
77 IMCN-TE 00017 R. guatemalensis Catatumbo COL A KM489102 
78 IMCN-TE 00023 R. guatemalensis San Juan COL P KM489103 
79 IMCN-TE 00024 R. guatemalensis San Juan COL P KM489104 
80 IMCN-TE 00026 R. guatemalensis San Juan COL P KM489105 
81 IMCN-TE 00027 R. guatemalensis Alto Cauca COL A KM489106 
82 IMCN-TE 00028 R. guatemalensis Alto Magdalena COL A KM489091 
83 IMCN-TE 00029 R. guatemalensis Alto Magdalena COL A KM489092 
84 STRI-1525  R. guatemalensis Atrato COL A AY036687 1 
85 STRI-1526 R. guatemalensis Atrato COL A AY036688 1 
86 STRI-1569  R. guatemalensis Atrato COL A AY036689 1 
87 STRI-1419  R. guatemalensis Baudo COL P AY036690 1 
88 STRI-9570 R. guatemalensis Patía COL P AY036691 1 
89 STRI-816  R. guatemalensis Magdalena COL A AY036692 1 
90 STRI-12004  R. guatemalensis Magdalena COL A AY036693 1 





Table 3.1 (continued). 
 
Code Tissue N. Species Basin/Drainage Country Slope GeneBank N. 
 
 
92 STRI-VZ-2  R. guatemalensis Lago Maracaibo VZ A AY036695 1 
93 STRI-7831  R. guatemalensis Usumacinta GU A AY036628 1 
94 STRI-7919  R. guatemalensis Usumacinta GU A AY036629 1 
95 STRI-7872  R. guatemalensis Usumacinta GU A AY036630 1 
96 STRI-7875  R. guatemalensis Usumacinta GU A AY036631 1 
97 MNCN GU106 R. guatemalensis Usumacinta GU A AY036632 1 
98 MNCN 118GU  R. guatemalensis Usumacinta GU A AY036633 1 
99 MNCN GU6  R. guatemalensis Gri-Usumacinta MEX A AY036634 1 
100 MNCN 2583MEX R. guatemalensis Gri-Usumacinta MEX A AY036635 1 
101 STRI-8136 R. guatemalensis Lago Peten GU A AY036636 1 
102 STRI-8107  R. guatemalensis Belize GU A AY036637 1 
103 MNCN 2121MEX  R. guatemalensis Grande MEX P AY036638 1 
104 MNCN 2122MEX  R. guatemalensis Grande MEX P AY036639 1 
105 MNCN 1430MEX  R. guatemalensis Ostuta MEX P AY036640 1 
106 MNCN 1431MEX R. guatemalensis Ostuta MEX P AY036641 1 
107 STRI-8097  R. guatemalensis Belize GU A AY036642 1 
108 STRI-8377 R. guatemalensis Motagua HO A AY036643 1 
109 STRI-8389  R. guatemalensis Motagua HO A AY036644 1 
110 MNCN 10275GU R. guatemalensis Los Esclavos GU P AY036645 1 
111 STRI-8354  R. guatemalensis Ulúa HO A AY036646 1 
112 STRI-8586  R. guatemalensis Aguan HO A AY036647 1 
113 STRI-8799  R. guatemalensis Patuca HO A AY036648 1 
114 STRI-8734 R. guatemalensis Patuca HO A AY036649 1 
115 STRI-14061 R. guatemalensis Coco NI A AY036650 1 
116 STRI-13893  R. guatemalensis Coco NI A AY036651 1 
117 STRI-14249  R. guatemalensis Prinzapolka NI A AY036652 1 
118 STRI-14141  R. guatemalensis Prinzapolka NI A AY036653 1 
119 STRI-14173  R. guatemalensis G. de Matagalpa NI A AY036654 1 
120 STRI-13843  R. guatemalensis G. de Matagalpa NI A AY036655 1 
121 STRI-8989 R. guatemalensis L. Nicaragua/SJ NI A AY036656 1 
122 STRI-14533 R. guatemalensis San Juan NI A AY036657 1 
123 STRI-2163 R. guatemalensis San Juan CR A AY036658 1 
124 STRI-2164 R. guatemalensis San Juan CR A AY036659 1 
125 STRI-2165  R. guatemalensis San Juan CR A AY036660 1 
126 STRI-220  R. guatemalensis Sixaola CR A AY036661 1 
127 STRI-221  R. guatemalensis Sixaola CR A AY036662 1 
128 MNCN 1262IST R. guatemalensis San San PN A AY036663 1 
129 STRI-8814 R. guatemalensis Goascoran HO P AY036664 1 
130 STRI-8328 R. guatemalensis Lempa HO P AY036665 1 
131 MNCN 84SA  R. guatemalensis Laguna Jocotal SAL P AY036666 1 
132 MNCN 62SA  R. guatemalensis Laguna Jocotal SAL P AY036667 1 
133 STRI-8935 R. guatemalensis Choluteca HO P AY036668 1 
134 STRI-8970  R. guatemalensis Choluteca HO P AY036669 1 
135 STRI-13476  R. guatemalensis Negro NI P AY036670 1 
136 STRI-10051 R. guatemalensis Indio PN A AY036673 1 
137 STRI-7569 R. guatemalensis Chagres PN A AY036674 1 
138 STRI-3775  R. guatemalensis Azucar PN A AY036675 1 
139 STRI-2049 R. guatemalensis Terraba CR P AY036676 1 
140 STRI-87  R. guatemalensis Tabasara PN P AY036677 1 
141 MNCN 774IST R. guatemalensis San Felix PN P AY036678 1 
142 STRI-3191 R. guatemalensis Santa María PN P AY036679 1 
143 STRI-4862  R. guatemalensis Bayano PN P AY036680 1 
144 STRI-4880  R. guatemalensis Bayano PN P AY036681 1 
145 STRI-3638  R. guatemalensis Bayano PN P AY036682 1 





Table 3.1 (continued). 
 
Code Tissue N. Species Basin/Drainage Country Slope GeneBank N. 
 
 
147 STRI-4112 R. guatemalensis Tuira PN P AY036684 1 
148 STRI-1669 R. guatemalensis Mandinga PN A AY036685 1 
149 STRI-1670 R. guatemalensis Mandinga PN A AY036686 1 
150 Rhamdialati  R. laticauda Guelatao de Juarez MEX P AF287456 1 
151 MNCN 3499MEX  R. laticauda Lago Catemaco MEX A AY036696 1 
152 MNCN 2781MEX  R. laticauda Papaloapán MEX A AY036697 1 
153 MNCN 653MEX  R. laticauda Papaloapán MEX A AY036698 1 
154 MNCN 25 OAX  R. laticauda Los Perros MEX P AY036699 1 
155 STRI-7723  R. laticauda Nahualate GU P AY036700 1 
156 STRI-7724 R. laticauda Nahualate GU P AY036701 1 
157 MNCN 178GU R. laticauda Acome GU P AY036702 1 
158 STRI-7776  R. laticauda María Linda GU P AY036703 1 
159 MNCN 3GU  R. laticauda Gri-Usumacinta MEX A AY036704 1 
160 STRI-7821 R. laticauda Usumacinta GU A AY036705 1 
161 STRI-7822  R. laticauda Usumacinta GU A AY036706 1 
162 STRI-8099 R. laticauda Belize GU A AY036707 1 
163 STRI-8100  R. laticauda Belize GU A AY036708 1 
164 STRI-8199  R. laticauda Polochic GU A AY036709 1 
165 STRI-8284 R. laticauda Polochic GU A AY036710 1 
166 STRI-13670 R. laticauda Escondido NI A AY036711 1 
167 STRI-14536  R. laticauda San Juan NI A AY036712 1 
168 STRI-13805 R. laticauda San Juan NI A AY036713 1 
169 STRI-2161  R. laticauda San Juan CR A AY036714 1 
170 STRI-2162 R. laticauda San Juan CR A AY036715 1 
171 STRI-219 R. laticauda Sixaola CR A AY036716 1 
172 MNCN 10266GU R. laticauda Lempa GU P AY036717 1 
173 STRI-8393  R. laticauda Motagua HO A AY036720 1 
174 STRI-8345 R. laticauda Ulúa HO A AY036721 1 
175 STRI-8585  R. laticauda Aguan HO A AY036722 1 
176 STRI-8794 R. laticauda Patuca HO A AY036723 1 
177 STRI-8729 R. laticauda Patuca HO A AY036724 1 
178 STRI-8965 R. laticauda Choluteca HO P AY036725 1 
179 STRI-8966 R. laticauda Choluteca HO P AY036726 1 
180 MNCN 46IST R. laticauda Chiriquí Viejo PN P AY036728 1 
181 STRI-662 R. laticauda Chiriquí Viejo PN P AY036729 1 
182 STRI-6345 R. laticauda Chiriquí Viejo PN P AY036730 1 
183 STRI-11527  R. laticauda Guarumo PN A AY036731 1 
184 STRI-10085 R. laticauda Cocle del Norte PN A AY036732 1 
185 STRI-2686 R. laticauda Indio PN A AY036733 1 
186 STRI-722  R. laticauda Antón PN P AY036734 1 
187 STRI-2121  R. laticauda Barranca CR P AY036718 1 
188 STRI-2122  R. laticauda Barranca CR P AY036719 1 
189 IMCN-TE 00018 R. saijaensis San Juan COL P KM489074 
190 IMCN-TE 00019 R. saijaensis San Juan COL P KM489075 
191 IMCN-TE 00020 R. saijaensis San Juan COL P KM489076 
192 IMCN-TE 00021 R. saijaensis San Juan COL P KM489077 
193 IMCN-TE 00022 R. saijaensis San Juan COL P KM489078 
194 STRI-12103 R. cinerascens Daule ECU P AY036735 1 
195 STRI-12104 R. cinerascens Daule ECU P AY036736 1 
196 IMCN-TE 00030 R. laukidi Meta-Orinoco COL A KM489079 
197 IMCN-TE 00031 R. laukidi Meta-Orinoco COL A KM489080 
198 IMCN-TE 00032 R. laukidi Meta-Orinoco COL A KM489081 
199 IMCN-TE 00033 R. laukidi Meta-Orinoco COL A KM489082 
200 IMCN-TE 00034 R. laukidi Meta-Orinoco COL A KM489083 





Table 3.1 (continued). 
 
Code Tissue N. Species Basin/Drainage Country Slope GeneBank N. 
 
 
202 VZ-54 R. laukidi Orinoco VZ A AY036737 1 
203 MH-317  R. laukidi Orinoco VZ A AY036738 1 
204 MH-198 R. quelen Essequibo GYN A AY036739 1 
205 STRI-425  R. quelen Manú PER A AY036740 1 
206 STRI-517 R. quelen Manú PER A AY036741 1 
207 STRI-2308 R. quelen Paraná ARG A AY036742 1 
208 STRI-2224 R. quelen Paraná ARG A AY036743 1 
209 STRI-2458 R. quelen Paraná ARG A AY036744 1 
210  Brachyrhamdia sp CisA   DQ119489 1 
211 IMCN-TE 00001 Pimelodella sp Alto Magdalena COL A None 
212  Pimelodella sp Cis-TranA   EF564740 1 
213 STRI-3556 Pimelodella chagresi Tuira PN P AY036751 1 
214 STRI-271 Pimelodella chagresi Chagres PN A AY036750 1 
215 MNCN 953IST  Pimelodella chagresi Santa María PN P AY036748 1 
216  Goeldiella eques CisA   JF898565 1 
217  Cetopsorhamdia sp Cis-TranA   DQ119442 1 
218 STRI-2427 Heptapterus sp Paraná ARG A AY036749 1 
219 STRI-7479  Heptapterus panamensis Santa María PN P AY036747 1 
220 STRI-11587  Heptapterus panamensis Tuira PN P AY036746 1 
221 STRI-1192  Imparfinis lineatus Coto CR P AY036745 1 
222  Cephalosilurus apurensis CisA   DQ486762 1 
223  Pseudopimelodus villosus CisA   DQ119471 1 
224  Pseudopimelodus raninus CisA   DQ119384 1 
225  Pimelodina flavipinnis CisA   JF898527 1 
226  Pimelodus albicans CisA   EF564726 1 
227  Pimelodus ornatus CisA   EF564741 1 
228  Pimelodus pictus CisA   AY458896 1 
229  Parapimelodus valenciennis CisA   EF564739 1 
230  Brachyplatystoma tigrinum CisA   JF898514 1 
231  Brachyplatystoma platynemum CisA   JF898515 1 
232  Brachyplatystoma juruense CisA   JF898517 1 
233  Brachyplatystoma vaillantii CisA   JF898513 1 
234  Brachyplatystoma rousseauxii CisA   JF898519 1 
235  Brachyplatystoma capapretum CisA   JF898520 1 
236  Brachyplatystoma filamentosum CisA   JF898523 1 
237  Leiarius longibarbis CisA   DQ486766 1 
238  Leiarius pictus CisA   DQ486764 1 
239  Steindachneridion scripta CisA   DQ486765 1 
 
Maximum Likelihood and Bayesian Analysis 
jModelTest selected HKY+I+G as the best fitting model for the data. The 
topology obtained with ML (not shown) was congruent with the BI tree. Bayesian 
inference yield a consensus tree (Figure 3.1) that presented no significant conflict with 





species, for most of the relationships among the species, and for fine-scale (often 
drainage-level) relationships within the species, in line with bootstrap values. 
The analyses recovered two clades, a cis-Andean clade with a posterior 
probability of 100% consisting of R. quelen sensu stricto and R. laukidi, and a trans-
Andean clade with a posterior probability of 100% consisting of R. laticauda and three 
taxa sometimes considered part of R. quelen sensu lato (Silfvergrip, 1996): R. 
guatemalensis, R. cinerascens, and R. saijaensis. Given these relationships and the 
differences in morphological data (Hernández et al., 2015), we refer to these groups as 
species distinct from R. quelen. Within the cis-Andean clade, there is a clade of R. quelen 
sensu stricto (PP 100%) and a clade of R. laukidi (PP 100%). Within the trans-Andean 
clade, there is a clade of R. guatemalensis (PP 100%) and a clade (PP 88%) of R. 
cinerascens and R. saijaensis + R. laticauda (PP 100%). Although the strength of the 
signal for the clade of R. cinerascens, R. saijaensis, and R. laticauda is weak, these 
relationships are realistic geographically. The strength of the signal for each of the 
species clades is much stronger: 100% for R. cinerascens, 100% for R. saijaensis, and 







Figure 3.1. Phylogram produced by Bayesian analysis of the mitochondrial cyt b data in 
MrBayes. Values on branches represent bootstrap values from parsimony analysis / 






Resolution within R. guatemalensis and R. laticauda among geographically close 
entities is supported (Figures 3.3 and 3.4). Within R. guatemalensis, ten clades were 
recovered. Pacífico Colombiano–Chagres (PP 100%), Catatumbo–Maracaibo (PP 100%), 
Magdalena (PP 99%), and Terraba–Chagres (PP 100%) were grouped together and 
constituted the southern trans-Andean and lower Middle American clades. Motagua–
Esclavos (PP 100%), Usumacinta–Lago Peten (PP 100%), Lempa–Sixaola (PP 100%), 
and Ulúa–Nombre de Dios (PP 84%) were grouped together and comprised the Nuclear 
and Northern Middle American clades. Grande–Ostuta (PP 98%) and Usumacinta–
Central River (PP 100%) were also recovered from Northern Middle America. Terraba–
Chagres and Lempa–Sixaola were found in both Pacific and Atlantic slopes. Within 
Rhamdia laticauda, ten clades were recovered. Coclé Norte–Antón (PP 100%), Guarumo 
(PP 100%), and Chiriquí Viejo (PP 100%) represented the Lower Middle American 
clades, with Coclé Norte–Antón extending to both Pacific and Atlantic slopes.  Lempa–
Sixaola (PP 100%), Usumacinta–Belize–Polochic (PP 70%), Los Perros–María Linda 
(PP 100%), and Guelatao de Juarez–Papaloapan (PP 100%) were grouped together and 
represented the Northern Middle American clades, with the exception of Lempa–Sixaola, 
which is mostly distributed in Nuclear Middle America. Patuca (PP 100%), Aguan–Ulúa 
(Cuenca Baja) (PP 100%), and Choluteca–Ulúa (Cuenca Alta) (PP 91%) were grouped 
together and occur in Nuclear Middle America. Posterior probabilities and bootstrap 
support were largely consistent among nodes. 
Divergence Times Estimates 
A total of 47 sequences were used for the divergence time estimates analysis 





Pseudopimelodidae, and Heptapteridae were used as outgroups. The remaining 23 
sequences belonged to individuals of Rhamdia. The resulting chronogram, including 
outgroups and calibration points, is shown in Appendix 3.2.  
All post-burnin trees yielded an effective sample size (ESS) of >200 for all model 
parameters. The time calibrated phylogeny inferred by BEAST analysis suggests the first 
radiation of the trans-Andean clades, which resulted in the formation of four major clades 
(corresponding to R. cinerascens, R. saijaensis, R. laticauda, and R. guatemalensis), 
occurred during the late Miocene (mean 8.0 mya, 95% HDP: 4.9–11.6 mya; node C in 
Figure 3.2). The cis-Andean species R. laukidi and R. quelen were estimated to have 
diverged from each other also during the late Miocene (mean 7.3 mya, 95% HDP: 3.5–
11.5 mya; node D in Figure 3.2), close to the time of the formation of the four major 
trans-Andean clades. Rhamdia saijaensis and R. laticauda were estimated to have 
diverged from their closest relative R. cinerascens during the late Miocene (mean 7.3 
mya, 95% HDP: 4.3–10.5 mya; node E in Figure 3.2). Rhamdia laticauda and R. 
saijaensis were estimated to have diverged from each other also during the late Miocene 
(mean 5.6 mya, 95% HDP: 3.1–8.3 mya; node G in Figure 3.2). These results represent 
estimates and although just one region of the mitochondrial cyt b gene was used, times of 
divergence between Rhamdia and Pimelodella as well as among Rhamdia clades are 
within a few million years of those found in other studies (Perdices et al., 2002; Lundberg 
et al., 2007; Sullivan et al., 2013) which used more fossil data, more loci (both 
mitochondrial and nuclear), broader taxonomic sampling, or other types of divergence 






Figure 3.2. Cropped divergence time estimates chronogram from BEAST of the 
mitochondrial cyt b data. Values on branches represent posterior probabilities. The dotted 
line indicates time of completion of the Panama Isthmus at about 2.8 mya. The scale bar 
indicates time in million years. Age values for each node are as follows: node A (mean 
19.2 mya, 95% HDP: 11.3–27.7 mya); node B (mean 11.2 mya, 95% HDP: 6.7–16 mya); 
node C (mean 8.0 mya, 95% HDP: 4.9–11.6 mya); node D (mean 7.3 mya, 95% HDP: 
3.5–11.5 mya); node E (mean 7.3 mya, 95% HDP: 4.3–10.5 mya); node F (mean 3.2 
mya, 95% HDP: 1.8–4.9 mya); node G (mean 5.6 mya, 95% HDP: 3.1–8.3 mya); node H 
(mean 3.1 mya, 95% HDP: 1.8–4.5 mya).  
 
Rhamdia guatemalensis radiation began by the Pliocene (mean 3.2 mya, 95% 
HDP: 1.8–4.9 mya; node F in Figure 3.2). Perhaps due to the smaller sample size and the 
short branches, BEAST infers a pattern within R. guatemalensis that is not congruent 
with the broader phylogenetic analyses, whether parsimony, ML, or BI. As evident when 
comparing Figure 3.2 and Figure 3.3, the support values of many of the “backbone” 
clades are small. Using the BEAST results, the first divergence in the R. guatemalensis 
clade was between populations on the Pacific coast of Colombia about 3.2 mya and 





America and the Caribbean and Catatumbo Basins of Colombia and populations farther 
north. By 2.1 mya there was radiation in Nuclear Middle America. Eventually, there was 
establishment of at least ten distinctive populations: Grande–Ostuta, Usumacinta–Central 
River, Ulúa–Nombre de Dios, Lempa–Sixaola, Usumacinta–Lago Peten, Motagua–
Esclavos, Terraba–Chagres, Magdalena, Catatumbo–Maracaibo, and Pacífico 
Colombiano–Chagres (Figure 3.3).  
Rhamdia laticauda dispersed to lower Central America during the Pliocene (mean 
3.1 mya, 95% HDP: 1.8–4.5 mya; node H in Figure 3.2). Although BEAST infers a 
pattern similar to the broader phylogenetic analyses, again the support values of many of 
the “backbone” clades are small. Diversification within Nuclear Central America began 
as early as 2.7 mya, eventually resulting in at least ten distinctive populations: 
Choluteca–Ulúa (Cuenca Alta), Aguan–Ulúa (Cuenca Baja), Patuca, Guelatao de Juarez–
Papaloapan, Los Perros–María Linda, Usumacinta–Belize–Polochic, Lempa–Sixaola, 
Chiriquí Viejo, Guarumo, and Coclé Norte–Antón (Figure 3.4).  
Ancestral area reconstruction  
Ancestral area reconstructions run in RASP suggest that Rhamdia populations in 
part follow a stepping stone model of colonization from south to north (Figure 3.5). 
RASP analysis placed the origin of the genus Rhamdia in the cis-Andean region of South 
America (A), which then dispersed to the trans-Andean region of Ecuador and Colombia 
(B), with subsequent dispersal to the western side of the Isthmus of Panama. The results 







Average within-species p distances for the mitochondrial cyt b for Rhamdia 
guatemalensis populations ranged from 0.00 to 0.01 (Table 3.2). Nucleotide divergence 
between Rhamdia guatemalensis populations ranged from 0.01 to 0.04. The populations 
from Catatumbo–Maracaibo and Magdalena were found to be the most divergent from all 
the other populations. The smallest genetic distances were between the Lempa–Sixaola 
and Ulúa–Nombre de Dios, as well as between the Catatumbo–Maracaibo and Magdalena 
populations. Pairwise genetic distances between all R. guatemalensis populations are 
presented in Table 3.2. 
Table 3.2  
Nucleotide divergence between Rhamdia guatemalensis populations, based on the 
mitochondrial cyt b dataset. Average within-population p distances are reported in bold 
along the diagonal. 
 
 
 1 2 3 4 5 6 7 8 9 10 
 
 
1-Usumamacinta-Central River 0.01  
2-Ulúa-Nombre de Dios 0.02 0.00 
3-Lempa-Sixaola 0.02 0.01 0.01 
4-Usumacinta-L. Peten 0.02 0.02 0.02 0.01 
5-Grande-Ostuta 0.02 0.02 0.02 0.02 0.00 
6-Motagua-Esclavos 0.03 0.02 0.03 0.03 0.03 0.00 
7-Terraba-Chagres 0.03 0.02 0.03 0.03 0.03 0.04 0.01 
8-Pac. Colom.-Chagres 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.01 
9-Magdalena  0.03 0.02 0.03 0.03 0.03 0.04 0.03 0.03 0.00 




Average within- population p distances for the mitochondrial cyt b for Rhamdia 
laticauda populations ranged from 0.00 to 0.02 (Table 3.3). Genetic distances among 





being 0.03. Pairwise genetic distances between all R. laticauda populations are shown in 
Table 3.3. 
Table 3.3 
 Nucleotide divergence between Rhamdia laticauda populations, based on the 
mitochondrial cyt b dataset. Average within-population p distances are reported in bold 
along the diagonal. 
 
 1 2 3 4 5 6 7 8 9 10  
 
 
1-Choluteca-Ulúa (Cuenca Alta) 0.00  
2-Aguan-Ulúa (Cuenca Baja) 0.02 0.00 
3-Guelatao de Juarez-Papaloapán 0.03 0.04 0.02 
4-Los Perros-María Linda 0.03 0.04 0.04 0.01 
5-Usumacinta-Belize-Polochic 0.03 0.03 0.03 0.03 0.02 
6-Lempa-Sixaola 0.03 0.03 0.04 0.04 0.03 0.02  
7-Chiriquí Viejo 0.03 0.03 0.03 0.04 0.03 0.03 0.00 
8-Guarumo 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.00 
9-Coclé Norte-Antón 0.03 0.03 0.04 0.03 0.03 0.03 0.03 0.02 0.00 




The mitochondrial cyt b dataset of 107 individuals belonging to Rhamdia 
guatemalensis populations yielded 53 haplotypes (haplotype diversity = 0.966) (Table 
3.4). Haplotype 2 (H2) was the most frequent haplotype and also the only one shared, 
present in 7 individuals from the Ulúa–Nombre de Dios population and 5 individuals 
from the Lempa–Sixaola population. H49 (9 ind.) from the Catatumbo–Maracaibo 
population was the second most frequent haplotype, followed by H46 (8 ind.) from the 
Magdalena population. A minimum spanning network shows correspondence between 
populations and genetic structure. The geographic distribution of R. guatemalensis 





The mitochondrial cyt b dataset of 80 individuals belonging to Rhamdia laticauda 
populations yielded 40 haplotypes (haplotype diversity = 0.939) (Table 3.4). No 
haplotypes were shared between R. laticauda populations.  Haplotype 40 was the most 
frequent (14 individuals) and was found in the Choluteca–Ulúa (Cuenca Alta) population. 
The second most frequent haplotype was H29 (13 ind.) from the Aguan–Ulúa (Cuenca 
Baja) population. A minimum spanning network indicates correspondence between R. 
laticauda populations and genetic structure. The geographic distribution of R. laticauda 
haplotypes is shown in Figure 3.7. 
Discussion 
The phylogenetic results affirm recent findings (Hernandez et al., 2015) that R. 
saijaensis and R. cinerascens are distinct lineages separate from R. quelen and that they 
are more closely related to R. laticauda than to R. guatemalensis. Those results built on 
the work of Perdices et al. (2002) but were only possible with better sampling from 
Colombia. Given better sampling from Honduras and Belize here, however, the results 
are similar to and merely affirm those obtained by Perdices et al. (2002), which suggested 









Haplotype and number of individuals from Rhamdia guatemalensis and R. laticauda 
populations. 
 
Rhamdia guatemalensis population  Haplotype H    (number of individuals) 
 
 
Grande-Ostuta H15(1) H16(1)  H17(1)  H18(1) 
Ulúa-Nombre de Dios H2(7)  H3(7)  H23(1)   
Lempa-Sixaola H2(5)  H4(1)  H5(7)  H6(1)  H24(2)  H25(1)  H26(1)  H27(4)   
  H28(1) H29(1)  H30(1) 
    H31(1)  H32(1)  H33(1)  H34(1) 
Usuma.-Central River H1(4)  H7(2)  H8(1)  H9(1)  H10(1)  
Usuma.-Lago Peten  H12(1)  H13(1)  H14(2) 
Motagua-Esclavos H19(1)  H20(2)  H21(1)  H22(1) 
Terraba-Chagres H35(1)  H36(6)  H37(1)  H38(1)  H39(2)  H40(1)  
Magdalena H46(8)  H47(1)  H53(1) 
Catatumbo-Maracaibo H48(1)  H49(9)  H50(1)  H51(1)   
Pac. Colom.-Chagres H41(3)  H42(1)  H43(1)  H44(3)  H45(2)  H52(1) 
 
 
Rhamdia laticauda population Haplotype H    (number of individuals) 
  
Coclé Norte-Antón  H1(2)  H2(1) 
Chiriquí Viejo H3(2)  H4(1)   
Guarumo  H5(1) 
Lempa-Sixaola H6(1)  H7(1)  H8(1)  H9(2)  H10(1)  H11(1)  H12(1)  H13(1) 
Usumacinta-Belize-Polochic H14(1)  H15(2)  H16(2)  H17(1)  H18(1)   
Guelatao de J.-Papaloapan  H19(2)  H20(1)  H21(1)   
Los Perros-María Linda H22(1)  H23(2)  H24(1)  H25(1)   
Patuca  H26(1)  H27(1)  H28(2) 
Aguan-Ulúa (Cuenca Baja) H29(13)  H30(1)  H31(1)  H32(1)  H33(6)  H34(1)  H35(2)  H36(1) 
Choluteca-Ulúa (Cuenca Alta) H37(1)  H38(2)  H39(1)  H40(14) 
 
 
Historical Biogeography  
From the time calibrated phylogeny (Figure 3.2) as well as the ancestral area 
reconstructions (Figure 3.5), some biogeographical scenarios can be inferred. Affirming 
the conclusions of Perdices et al. (2002), these results indicate that Rhamdia originated in 
South America and that the formation of the Andes initiated a vicariance event, giving 
rise to a cis-Andean clade east and south of the Andes and a trans-Andean clade west and 





During the Miocene numerous marine incursions covered the northern part of 
South America (trans-Andean region); perhaps the highlands close to the Pacific area 
were important for the survival of these primary freshwater species. From there and when 
possible, individuals moved close to the Pacific area, avoiding the valleys in which the 
Amazon–Orinoco watershed mixed with marine waters (Lovejoy et al., 2006; Bloom & 
Lovejoy, 2011). Vicariance events may have split the trans-Andean group in two clades 
about 8.2 mya (Fig 2), corresponding to the timing of major uplift of the Andes (Kattan, 
et al. 2004; Bürgl, 1967), into what became Rhamdia guatemalensis and the R. 
cinerascens–saijaensis–laticauda clade.  
The ancestral area of Rhamdia guatemalensis is the trans-Andean region of 
northern South America. Populations within the species diverged as early as about 3.2 
mya and dispersed quickly northward following completion of the Isthmus of Panama 
during the late Pliocene (Figure 3.2) (Berminghan & Martin, 1998; Perdices et al., 2002; 
Albert et al., 2004; Smith & Bermingham, 2005). By 2.8 mya, populations existed 
throughout Central America, and a radiation in Nuclear and Northern Middle America 
began by 2.0 mya.  
The ancestral area reconstruction analysis (RASP) as well as the divergence times 
estimates analysis (BEAST) show that the Northern Middle American clades (Grande–
Ostuta, Usumacinta–Central River, Usumacinta–Lago Peten, and Motagua–Esclavos) 
were established during the late Pliocene (1.4–1.3 mya) and from there radiated to 
Nuclear Middle America (Ulúa–Nombre de Dios, Lempa–Sixaola clades) more recently 
(0.2 mya). Because Rhamdia is a primary freshwater fish and needs freshwater systems to 





argue that there was a leap from Lower to Northern Middle America, skipping Nuclear 
Middle America. Aside from the fact that the complexity of the historical geology of 
Central America may contribute to complex and conflicting distributional patterns 
(Hulsey & López-Fernández, 2011), two possible hypotheses or one methodological issue 
may explain these results. One hypothesis is that the transitional populations of Nuclear 
Middle America went extinct, and their empty niche was later filled by northerly 
populations recolonizing the south. Another hypothesis is that sampling is still 
inadequate, with missing populations holding evidence for a stepping stone model. The 
more likely explanation for this result is that it is a product of limited variation and bold, 
overly confident interpretation of the results. As noted previously, the relationships 
inferred from parsimony, ML, and BI differ from those recovered in the divergence times 
estimates in BEAST, and the low support values in all analyses for relationships among 
drainages argue against any premature conclusions.  
Divergence between the valleys of the Magdalena and Catatumbo Rivers in 
Colombia took place recently about 0.9 mya. According to the divergence times 
estimation, species from the Caribbean and Catatumbo drainages are more closely related 
to those of the Terraba–Chagres region in Central America than to the Colombian Pacific 
region. It is possible that tectonic activity and volcanism of the Central Cordillera, as well 
as marine transgressions of the Magdalena valley and current Lake Maracaibo, delayed 
the dispersal and divergence of R. guatemalensis in the Magdalena and Catatumbo basins 
(Perez & Taphorn, 1993). More sampling, especially from the Cauca River Basin, is 







Figure 3.3. A. Phylogram produced by Bayesian analysis of the mitochondrial cyt b for 
Rhamdia guatemalensis clades. Values on branches represent bootstrap values / posterior 
probabilities. B. BEAST cladogram overlaid on map showing area of distribution of R. 
guatemalensis clades. Numbers at nodes are million years ago (mya). Values in 
parentheses represent the 95% HPD intervals. The dotted line indicates the separation 
between the cis-Andean region to the east and the trans-Andean region to the west.   
 
The distribution of the southern R. guatemalensis clades, Magdalena, Catatumbo–
Maracaibo, and Pacífico Colombiano, corresponds to the separation between drainage 
basins (Hernández et al., 2015); the distribution of the northern clades is more complex. 
The Terraba–Chagres clade is found in both Atlantic and Pacific slopes in middle 
Panama extending to the Pacific slope of Costa Rica. In 1976, Bussing grouped the 
aquatic fauna of Nuclear Central America in four provinces, three extending along the 
Atlantic Coast and one containing all the Pacific drainages. Even more recent studies 
refer to defined Pacific and Atlantic assemblages of freshwater fishes through Central 
America, highlighting the role of mountain chains as a barrier to dispersal of freshwater 
fishes, except for the Chagres area (Matamoros et al., 2014).  However, some of the 
populations of R. guatemalensis (Terraba–Chagres; Lempa–Sixaola) and R. laticauda 





one or the other oceanic basins, extending from the Atlantic to the Pacific slope. This 
pattern was also observed in a freshwater cichlid by McCafferty et al. (2012). Shared 
haplotypes and/or close relationships across the central cordillera of Lower Central 
America is known as the cross-cordillera exchange and is presumably the result of the 
gradual decrease in relief of the central Cordillera in some areas, allowing stream capture 
processes (McCafferty et al., 2012). 
The ancestral area of the cinerascens–laticauda–saijaensis clade is the trans-
Andean region of South America (Figure 3.5), possibly along the Pacific coast. The first 
split in this group occurred about 7.4 mya, giving rise to R. cinerascens, which is 
currently distributed along the Pacific coast of Ecuador, and the ancestors of R. saijaensis 
and R. laticauda. Ancestral area reconstruction analysis suggests that the ancestral area 
for R. saijaensis–laticauda clade is somewhere among the trans-Andean region and 
Lower Middle America. The current distribution for R. saijaensis is the San Juan River 
system in the Pacific drainage of Colombia and for R. laticauda is Central America 
(Figure 3.4), suggesting that vicariance events due to factors in the late Miocene (5.7 
mya) may have isolated the clade in two groups, resulting in the two species, one with a 








Figure 3.4. A. Phylogram produced by Bayesian analysis of the mitochondrial cyt b for 
Rhamdia laticauda clades. Values on branches represent bootstrap values / posterior 
probabilities. B. BEAST cladogram overlaid on map showing area of distribution of R. 
laticauda clades. Numbers at nodes are million years ago (mya). Values in parentheses 
represent the 95% HPD intervals. The dotted line indicates the separation between the 
cis-Andean region to the east and the trans-Andean region to the west.   
 
Rhamdia laticauda is distributed throughout Central America between Panama 
and Southern Mexico. The time calibrated phylogeny suggests that the first divergence 
within R. laticauda occurred about 3.3 mya and with additional divergences was well-
distributed in Central America by 2.7 mya. The pattern among R. laticauda populations 
more clearly follows the stepping stone model of dispersal from South America across 
the isthmus into Central America, but again, the level of variation and the low support 
values argue against reading these results confidently. 
Divergence times estimates (Figure 3.2) agree with Perdices et al. (2002) in 
suggesting that dispersal and diversification of Rhamdia laticauda in Central America 
occurred before that of R. guatemalensis. Although R. laticauda dispersed through 
Central America about 5 my before R. guatemalensis (Figures 3.3, 3.4), R. guatemalensis 





than R. laticauda. The current distribution of R. guatemalensis in the trans-Andean region 
of Colombia as well as Central America shows adaptation to different kinds of habitat 
ranging from lowlands to higher altitudes, from small, slow-flowing clear creeks to fast, 
sediment rich rivers (Hernández et al., 2015). It is possible that this plasticity gave R. 
guatemalensis an advantage over R. saijaensis or R. laticauda for successfully colonizing 
larger areas. Rhamdia saijaensis has a very restricted distribution, the San Juan River 
basin on the Pacific coast of Colombia at low altitudes (Hernández et al., 2015). The 
distribution of Rhamdia cinerascens is restricted to Ecuador. Although the distribution of 
Rhamdia saijaensis and R. cinerascens is limited, R. guatemalensis and R. laticauda are 
more widespread and live in sympatry in Central America. Geological events during the 
late Miocene and early Pliocene may have played an important role in dispersal, 
distribution, and speciation of Rhamdia species, but ecomorphological adaptations to 
abiotic or biotic factors may have shaped the current distribution of these species 
(Winemiller, 1991; Jackson et al., 2001; Perdices et al., 2002).  
Genetic structure  
The haplotype network reconstruction for Rhamdia guatemalensis populations 
(Figure 3.6) revealed correspondence between populations and genetic structure for the 
populations of the trans-Andean and Lower Middle American region (Catatumbo–
Maracaibo, Magdalena, Pacífico Colombiano–Chagres, and Terraba–Chagres). 
Haplotypes from the Usumacinta–Motagua–Esclavos population are connected to 
haplotypes from both Usumacinta–Central River and Grande–Ostuta populations 






Figure 3.5. Statistical dispersal-vicariance model of ancestral area reconstruction (AAR) 
in RASP (Reconstruct Ancestral State Phylogenies) based on a BEAST mitochondrial cyt 
b chronogram for Rhamdia. The most likely AARs are shown as colored circles at each 
node. Distribution areas are shown in the map. 
 
 
The only shared haplotype (H2) is found in the Ulúa–Nombre de Dios and 
Lempa–Sixaola populations suggesting historical gene flow among them. The haplotype 
network reconstruction for R. laticauda populations (Figure 3.7) revealed slight genetic 





Patuca, Aguan–Ulúa (Cuenca Baja), and Usumacinta–Belize–Polochic populations but 
suggests historical gene flow between Papaloapan–María Linda, Choluteca–Ulúa 
(Cuenca Alta), and Chiriquí Viejo–Guarumo. Haplotype networks for R. guatemalensis 
and R. laticauda (Table 3.4, Figures 3.6, 3.7) show different haplotypes among 
populations throughout the entire dataset. Sample size may have influenced the number 
of haplotypes found in each population.  
 
Figure 3.6. A. Minimum spanning network of Rhamdia guatemalensis haplotypes. The 
size of circles is proportional to the frequency of each haplotype. Number of mutational 
steps separating each haplotype is represented by dots. Abbreviations used for the 
populations are: GO: Grande–Ostuta, UC: Usumacinta–Central River, UN: Ulúa–Nombre 
de Dios, LS:Lempa–Sixaola, UL: Usumacinta–Lago Peten, ME: Motagua–Esclavos, TC: 
Terraba–Chagres, M: Magdalena, CM: Catatumbo–Maracaibo, and PC: Pacífico 
Colombiano–Chagres B. Geographic distribution of R. guatemalensis haplotypes. Pie 
charts represent haplotypes found in each population. Size of sections of the pie charts is 








Figure 3.7. A. Minimum spanning network of Rhamdia laticauda haplotypes. The size of 
circles is proportional to the frequency of each haplotype. Number of mutational steps 
separating each haplotype is represented by dots. Abbreviations used for the populations 
are: CU: Choluteca–Ulúa (Cuenca Alta), AU: Aguan–Ulúa (Cuenca Baja), P: Patuca, GP: 
Guelatao de Juarez–Papaloapan, LM: Los Perros–María Linda, UP: Usumacinta–Belize–
Polochic, LS: Lempa–Sixaola, CV: Chiriquí Viejo, G: Guarumo, and CA: Coclé Norte–
Antón B. Geographic distribution of R. laticauda haplotypes. Pie charts represent 
haplotypes found in each population. Size of sections of the pie charts is proportional to 
the number of individuals with that haplotype. 
 
Genetic distances among Central American R. guatemalensis and R. laticauda 
populations (0.01–0.04), haplotype relationships, and divergence times estimation all 
affirm the scenario proposed by Perdices et al. (2002) that Rhamdia dispersed to Central 
America after the completion of the isthmus of Panama and expanded its range 
throughout Central America very quickly. Population differentiation started later and 
more recently. There is evidence of historical gene flow between close populations and 





events such as river capture or rare short distance dispersal events (McCafferty et al., 
2012).  
In order to address the relationships among the populations of R. guatemalensis 
and R. laticauda, more variable data will be needed and perhaps additional geographic 
sampling. With the addition of significant samples from Honduras and Belize, which now 
provide rather thorough geographic coverage, though, greater resolution was not 
obtained. More variable markers may be sought, but perhaps this is a case of a rapid 
radiation where few traces of the historical pattern may be found (Gavrilets & Vose, 
2005; Losos, 2010). 
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Appendix 3.1. Parsimony analysis of the mitochondrial cyt b data. Strict consensus with 






Appendix 3.2. Divergence time estimates chronogram from BEAST of the mitochondrial 
cyt b data. Values on branches represent posterior probabilities. Bars correspond to 95% 








GEOMETRIC MORPHOMETRIC ANALYSIS OF BODY-SHAPE VARIABILITY 
AMONG FOUR RHAMDIA (HEPTAPTERIDAE) SPECIES 
Abstract 
Landmark geometric morphometrics was employed on 263 Rhamdia individuals 
belonging to four species, Rhamdia guatemalensis, R. saijaensis, R. laticauda, and R. 
laukidi, to elucidate differences in body shape. Relative Warp analysis was used to 
determine tendencies of shape changes, and deformation grids and vector plots were used 
to visualize them. Multivariate analysis of variance (MANOVA) was used to test for 
differences among species. Differences in shape were significant and were explained by 
size (allometric effect) and species. Major changes in shape can be seen in the diameter 
of the eyes, the distance between naris, the base of dorsal and adipose fin, the distance 
between the insertion of last dorsal-fin and the insertion of the adipose fin, and in the 
depth and length of the caudal peduncle. These results add to the molecular and 
morphometric evidence that these species are distinguishable.  
Introduction 
The genus Rhamdia comprises several species of primary freshwater catfishes that 
live in the Neotropics ranging between southern Mexico and southern Argentina 
(Bockmann & Guazzelli, 2003). In 1996, comparisons among the 116 described species 
led to the synonymy of 105 described species into 11 valid ones by Silfvergrip (1996). 
However; molecular studies have shown that some of the species under synonymy are 
phylogenetically different (Perdices et al., 2002; Hernández et al., 2015). Although 





neither always available nor suitable, for example, in cases such as field work, species 
inventories, ecological observations, and museum revisions.  
Geometric morphometrics is a technique that uses configurations of homologous 
landmarks that can be analyzed as a representation of a specimen’s shape. Once the 
images of the specimens are captured digitally, they are translated, rescaled, and rotated 
through Procrustes superimposition while still holding the same shape. A consensus 
shape is then calculated and used for statistical hypothesis testing. Patterns of shape 
differences in the data can be visualized through deformation grids (Adams, 1999; 
Adams et al., 2004). Geometric morphometrics techniques have been used to test species 
delimitation, variation among populations, and variation among sympatric species based 
on body shape differences (Reis et al., 1998; Kassam et al., 2002; Reis et al., 2006; 
Rantin & Bichuette, 2009; Tancioni et al., 2013). Since the morphology of organisms can 
be affected by their ecological interactions, geometric morphometrics has also been used 
to test eco-morphological hypothesis (Norton et al., 1995; Schaefer et al., 2011; Franssen 
et al., 2013a, b). 
The purpose of the present study is to test if there are shape differences among 
four Rhamdia species using geometric morphometrics. The species used in this study are 
the cis-Andean (east of the Andes) Rhamdia laukidi and the trans-Andean (west of the 
Andes) Rhamdia guatemalensis, Rhamdia saijaensis, and Rhamdia laticauda. 
Materials and Methods 
Specimens 
The specimens used in this study came from the collections of the Museo de 





Colombia, Bogotá, Colombia (ICN), Instituto Museo de Ciencias Naturales Federico 
Carlos Lehmann – INCIVA, Cali, Colombia (IMCN), and the University of Southern 
Mississippi Ichthyology Collection, Hattiesburg, Mississippi, U.S.A. (USM). A total of 
263 preserved Rhamdia individuals were chosen. Localities included the Caribbean, 
Pacific, Catatumbo, and Orinoco basins in Colombia and the Atlantic, Caribbean, and 
Gulf of Fonseca basins in Honduras. Since there is not sexual dimorphism in Rhamdia 
species (Silfvergrip, 1996), sex was not taken into account. A complete list of all 
Rhamdia individuals sampled, as well as location, can be found in the Material Examined 
section. 
Images 
Each specimen was photographed with a Canon Digital SLR camera. Lateral, 
dorsal, and ventral views of each specimen were taken. A total of 37 homologous 
landmarks were chosen, 13 in lateral view, 12 in ventral view, and 12 in dorsal view 
(Figures 4.1, 4.2, and 4.3). The landmarks were digitized using the software TpsDig 
v2.15 (Rohlf, 2010a). Relative warps (RelW) analysis was computed using TpsRelw 
v1.49 (Rohlf, 2010b). RelW analysis (principal component analysis of the weight matrix; 
Rohlf, 1993) was used for ordinations and to determine tendencies of shape changes. 
RelW was computed in TpsRw v1.49 (Rohlf, 2010b). Shape variation scatter plots 
summarized by relative warps were drawn by JMP statistical software (JMP v. 8.0, SAS 
Institute, Cary, NC). Deformations of shape variation along the RelW axis were created 
in TpsRelw v1.49 using the thin-plate spline method (Bookstein, 1989) in which shape 
changes are shown as deviations from a consensus and are visualized as deformations of 





between species. RelW scores (shape variables) were used as the dependent variables 
with species and centroid size as the predictors. Centroid size is a size estimator used in 
Procrustes analysis that is mathematically independent of shape (Zelditch et al., 2004; 
Mitteroecker & Gunz, 2009). MANOVA was performed in R version 3.1.1. (R Core 
Team, 2014) 
 
Figure 4.1. Rhamdia lateral landmarks: (1) Tip of snout, (2) anteromedial border of left 
eye, (3) posteromedial border of left eye, (4) tip of cleithrum process, (5) insertion of left 
pectoral-fin, (6) insertion of dorsal-fin, (7) insertion of last dorsal-fin, (8) insertion of 
adipose-fin, (9) insertion of last adipose-fin, (10) posterior end of the hipural complex, 




Figure 4.2. Rhamdia dorsal landmarks: (1) tip of snout, (2) external border of anterior 
right naris, (3) external border of anterior left naris, (4) external border of posterior right 
naris, (5) external border of posterior left naris, (6) right maxillary barbel base, (7) left 
maxillary barbel base, (8) anteromedial border of right eye, (9) posteromedial border of 
right eye, (10) anteromedial border of left eye, (11) posteromedial border of left eye, and 







Figure 4.3. Rhamdia ventral landmarks: (1) tip of snout, (2) left buccal commissure, (3) 
right buccal commissure, (4) external side of left inner mental barbel base, (5) external 
side of right inner mental barbel base, (6) external side of left outer mental barbel base, 
(7) external side of right outer mental barbel base, (8) insertion of left pectoral-fin, (9) 
insertion of right pectoral-fin, (10) insertion of left pelvic-fin, (11) insertion of right 
pelvic-fin, and (12) insertion of anal-fin. 
 
Results 
Lateral Landmarks  
Twenty-two RelW scores were obtained from the Relative Warps analysis on the 
lateral landmarks from 263 Rhamdia individuals. 82.40% of the overall shape variation 
was explained by the first 5 RelW scores. RelW1 accounted for 28.53% of the total 
variance, RelW2 accounted for 24.56%, and RelW3 accounted for 16.99%.  The first 
three RelW were plotted to provide the relative position of individuals and visualize 
shape differences among groups (Figure 4.4). The plot of the 1 and 2 relative warp as 
well as a plot of the 1 and 3 relative warp show a tendency towards separation between R. 
laticauda and the other 3 Rhamdia species in the first RelW axis. The plot of the 2 and 3 
relative warp as well as the plot of the 1 and 3 relative warp show a tendency towards 
separation between R. saijaensis, R. laukidi, and R. guatemalensis in the second and first 







Figure 4.4. Bivariate plots of relative warp scores for the lateral landmarks for species: 
() R. guatemalensis, () R. laticauda, () R. laukidi, and () R. saijaensis. Ellipses 
represent the 70% confidence intervals. 
 
Visualization grids of the shape variation in lateral view of Rhamdia individuals 
(Figure 4.5) display variation in body shape associated with changes in the base of the 
dorsal fin (Landmarks 6 and 7), the base of the adipose fin (Landmarks 7 and 8), and 
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Figure 4.5. Deformation grids and vector plots representing shape variation along 
RelW1, RelW2, and RelW3 axis for Rhamdia species in lateral view (grids not 
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Figure 4.5 (continued). Deformation grids and vector plots representing shape variation 
along RelW1, RelW2, and RelW3 axis for Rhamdia species in lateral view (grids not 
exaggerated). A. Low RelW scores. B. High RelW scores. 
 
 
There were significant differences in shape on lateral view among species (F = 
31.04, P <0.001). Shape differences were also significantly related to size (F = 8.82, P 
<0.001) (Table 4.1).  Species had the strongest effect (η
2
 = 0.71), followed by size (η
2
 = 
0.45). There were also significant interactions between species and size.  
Dorsal Landmarks  
Twenty RelW scores were obtained from the Relative Warps analysis on the 
dorsal landmarks from 263 Rhamdia individuals. 80.48% of the overall shape variation 
was explained by the first 5 RelW scores. RelW1 accounted for 45.43% of the total 
variance, RelW2 accounted for 16.43%, and RelW3 accounted for 7.86%.The first three 
RelW were plotted to provide the relative position of individuals and visualize shape 
differences among groups (Figure 4.6). The plot of the 1 and 2 relative warp as well as 





laticauda and R. laukidi in the first RelW axis. There is no tendency towards separation 
between the species in the second RelW axis and some tendency towards separation 
between R. saijaensis and R. laukidi in the third RelW axis. 
Table 4.1  
Results of the MANOVA comparing all RelW scores from the lateral landmarks for all 
Rhamdia individuals by species and centroid size. η
 2
, body shape effect. Asterisks 
indicate significant differences. 
 Df Pillai F η
2
 Pr(>F) 
Species 3 2.23 31.04 0.717 <0.001 ***  
Centroid size 1 0.45   8.82 0.453 <0.001 *** 












Figure 4.6. Bivariate plots of relative warp scores for the dorsal landmarks for species: 
() R. guatemalensis, () R. laticauda, () R. laukidi and (), R. saijaensis. Ellipses 
represent the 70% confidence intervals. 
 
 
Visualization grids of the shape variation in dorsal view of Rhamdia individuals 
(Figure 4.7) display variations in body shape associated with changes in the distance 
between the anterior and posterior naris (Landmarks 2, 3 and 4, 5), and a shortening of 
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Figure 4.7. Deformation grids and vector plots representing shape variation along 
RelW1, RelW2, and RelW3 axis for Rhamdia species in dorsal view (two-fold 
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Figure 4.7 (continued). Deformation grids and vector plots representing shape variation 
along RelW1, RelW2, and RelW3 axis for Rhamdia species in dorsal view (two-fold 
exaggerated grids). A. Low RelW scores. B. High RelW scores.  
 
 
There were significant differences in shape on dorsal view among species (F = 
20.63, P <0.001). Shape differences were also significantly related to size (F = 15.73, P 





 = 0.57 respectively). There was no significant interaction between species 







Table 4.2  
Results of the MANOVA comparing all RelW scores from the dorsal landmarks for all 
Rhamdia individuals by species and centroid size. η
 2
, body shape effect. Asterisks 
indicate significant differences. 
 Df Pillai F η
2
 Pr(>F) 
Species 3 1.90 20.63 0.580 <0.001 ***  
Centroid size 1 0.57 15.73 0.571 <0.001 *** 
Species*Centroid Size 3 0.34   1.51 0.113    0.009 
Residuals 255 
 
Ventral Landmarks  
Twenty RelW scores were obtained from the Relative Warps analysis on the 
ventral landmarks from 263 Rhamdia individuals. 78.20% of the overall shape variation 
was explained by the first 5 RelW scores. RelW1 accounted for 28.22% of the total 
variance, RelW2 accounted for 21.01%, and RelW3 accounted for 17.23%. The first 
three RelW were plotted to provide the relative position of individuals and visualize 
shape differences among groups (Figure 4.8). The plot of the 1 and 2 relative warp as 
well as the plot of the 1 and 3 relative warp show a tendency towards separation between 
R. laticauda and R. laukidi in the first RelW axis. There is no tendency towards 







Figure 4.8. Bivariate plots of relative warp scores for the ventral landmarks for species: 
() R. guatemalensis, () R. laticauda, () R. laukidi and (), R. saijaensis. Ellipses 
represent the 70% confidence intervals. 
 
Visualization grids of the shape variation in ventral view of Rhamdia individuals 
(Figure 4.9) display variations in body shape associated with changes in the position of 
the insertion of the pelvic fins (Landmarks 10 and 11) and the position of the insertion of 
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Figure 4.9. Deformation grids and vector plots representing shape variation along 
RelW1, RelW2, and RelW3 axis for Rhamdia species in ventral view (two-fold 
exaggerated grids). Length of vector proportional to amount of change. A. Low RelW 
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Figure 4.9 (continued). Deformation grids and vector plots representing shape variation 
along RelW1, RelW2, and RelW3 axis for Rhamdia species in ventral view (two-fold 
exaggerated grids). Length of vector proportional to amount of change. A. Low RelW 
scores. B. high RelW scores.  
 
There were significant differences in shape on ventral view among species (F = 
9.52, P <0.001). Shape differences were also significantly related to size (F = 11.05, P 













Table 4.3  
Results of the MANOVA comparing all RelW scores from the ventral landmarks for all 
Rhamdia individuals by species and centroid size. η
 2
, body shape effect. Asterisks 
indicate significant differences. 
 Df Pillai F η
2
 Pr(>F) 
Species 3 1.33   9.52 0.437 <0.001 ***  
Centroid size 1 0.48  11.05 0.483 <0.001 *** 




The results of the multivariate analysis of variance (MANOVA) indicate a 
significant effect of species and size on morphological variation (Tables 4.1, 4.2, and 4. 
3). In lateral view, most of the shape variation was explained by species. On the dorsal 
and ventral views, both species and size explain almost the same amount of variation. 
Although variation explained primarily by species was preferred, size was likely to 
influence the analyses because individuals of Rhamdia laticauda are smaller overall as 
adults (pers. obs.; Silfvergrip, 1996). The maximum total length reported of R. quelen is 
474 mm (Zaniboni et al., 2004), whereas just 225 mm for R. laticauda (Bussings, 1998). 
Bockmann and Guazzelli (2003) report the maximum standard length of R. quelen as 387 
mm and of R. laticauda as 230 mm. To reduce the influence of this potential problem, 






Changes in body-shape were detected in lateral, dorsal, and ventral view (Figures 
4.5, 4.7, and 4.9). Changes in the head included the distance between the anterior and 
posterior naris, and a shortening in the snout region relative to the head. These last two 
features were visible only in dorsal view.  Changes in the postcranial body were detected 
in the base of dorsal and adipose fin, the distance between the insertion of last dorsal-fin 
and the insertion of the adipose fin, the depth of the midbody region, and the length and 
depth of the caudal peduncle, differences noted only in lateral view. Variation in body 
shape among the Rhamdia species studied here were more noticeable by eye in lateral 
view than in dorsal or ventral view.  
A morphological analysis among some Rhamdia species (Hernández at al., 2015) 
agrees with the results found here in which the length of the adipose fin as well as the 
depth and length of the caudal peduncle constitutes a diagnostic character among 
Rhamdia laticauda and the other trans-Andean Rhamdia species. The length of the base 
of the adipose fin and the distance between the dorsal fin and adipose fin represent 
diagnostic characters among R. guatemalensis, R. cinerascens, R. saijaensis, and R. 
laticauda.   
Although Rhamdia guatemalensis and R. saijaensis from the trans-Andean region 
were synonymized with R. quelen from the cis-Andean region (Silfvergrip, 1996), 
molecular data support their distinctiveness (Perdices et al., 2002; Hernández at al., 
2015). Since molecular tools are not always available, external morphology constitute an 
important tool differentiating species in the field or in museum inventories. Since 
topographic isolation of populations can explain differences in body shape (Reis et al., 





are geographically separated from R. quelen and R. laukidi by the Western Andean 
branch (Silfvergrip, 1996; Perdices et al., 2002), would present significant differences in 
body shape as found. 
Body shape, as indicated by the geometric morphometrics data, shows that the 
four species are characterized by significantly different external morphologies. The 
differences were easier to detect on lateral view than dorsal or ventral view.  Results 
support the separation between Rhamdia guatemalensis and R. saijaensis as distinct from 
each other and distinct from the cis-Andean R. laukidi.  These results add to the 
molecular and morphometric evidence found by Perdices et al. (2002) and Hernández et 
al. (2015) which confirm the status of R. guatemalensis and R. saijaensis as valid species.  
Material Examined 
Species, country, museum and accession number, number of specimens 
examined, standard length (SL) of examined specimens, detailed locality data. 
Rhamdia saijaensis: Colombia: IMCN1831, 6, 106–139 mm SL, Quebrada Oro, 
cuenca del Río San Juan, Buenaventura, Valle del Cauca. IMCN1682, 2, 129–184 mm 
SL, cuenca del Río San Juan, Buenaventura, Valle del Cauca. IMCN1836, 14, 98–250 
mm SL, Quebrada Petecucho, cuenca del Río San Juan, Istmina, Chocó (5° 8'22.58"N, 
76°41'16.50"W). IMCN1426, 1, 187 mm SL, cuenca del Río San Juan, Buenaventura, 
Valle del Cauca. IMCN971, 5, 112–152 mm SL, cuenca del Río San Juan, Buenaventura, 
Valle del Cauca. IMCN4825, 5, 115–187 mm SL, Quebrada Agua Clara, Calima, cuenca 
del Río San Juan, Buenaventura, Valle del Cauca. IMCN4813, 1, 160 mm SL, Quebrada 
la Neta, cuenca del Río Cajambre, Buenaventura, Valle del Cauca (3°28'50.36"N, 





cuenca del Río San Juan. IMCN1856, 3, 137–149 mm SL, Quebrada Teteral, cuenca del 
Río San Juan. IMCN1500, 1, 164 mm SL, cuenca del Río San Juan. IMCN1486, 1, 172 
mm SL, cuenca del Río San Juan. IMCN1912, 1, 157 mm SL, cuenca del Río San Juan. 
IMCN1886, 1, 154 mm SL, cuenca del Río San Juan. IMCN1897, 1, 135 mm SL, cuenca 
del Río San Juan. IMCN3519, 7, 122–205 mm SL, Rio Chiquito, Cuenca alta del Rio 
Cauca. IMCN3852, 4, 95–120 mm SL, Rio Japio, Cuenca alta del Rio Cauca. IMCN897, 
1, 152 mm SL, Rio La Vieja, Cuenca alta del Rio Cauca. IMCN1141, 3, 96–174 mm SL, 
Rio La Vieja, Cuenca alta del Rio Cauca. IMCN3062, 1, 167 mm SL, Rio Bolo, Cuenca 
alta del Rio Cauca. IMCN898, 1, 145 mm SL, Rio La Vieja, Cuenca alta del Rio Cauca. 
IMCN4409, 3, 111–199 mm SL, Quebrada la Neta, cuenca del Río Cajambre, 
Buenaventura, Valle del Cauca (3°28'50.36"N, 77°11'37.15"W).  IMCN4010, 1, 150 mm 
SL, Rio Patia, Nariño. IMCN4013, 3, 105–154 mm SL, Rio Patia, Nariño. IMCN-PE 
6342, 1, 161 mm SL, Rio Zulia, Cuenca del Rio Catatumbo, Norte de Santander. IMCN-
PE 6343, 10, 190–235 mm SL, La Gabarra, Atarraya, Cuenca del Rio Catatumbo, Norte 
de Santander. IMCN-PE 6345, 6, 164–230 mm SL, Rio Zulia, Puerto Santander, Norte de 
Santander. IMCN4826, 2, 156–203 mm SL, Quebrada Agua Clara, Calima, cuenca del 
Río San Juan, Buenaventura, Valle del Cauca. IMCN4827, 2, 141–223 mm SL, Quebrada 
Agua Clara, Calima, cuenca del Río San Juan, Buenaventura, Valle del Cauca. 
IMCN4828, 1, 124 mm SL, Rio Quinamallo, cuenca alta del Rio Cauca. IMCN-PE 6341, 
4, 93–121 mm SL, Embalse de Betania, Gigante, Huila. IMCN-PE 48291, 2, 131–149 
mm SL, cuenca alta del Rio Magdalena, Neiva, Huila. IMCN1426, 1, 122 mm SL, 
cuenca del Río San Juan, Buenaventura, Valle del Cauca. ICN6806, 2, 185–234 mm SL, 





Ranchería, Municipio de Barrancas, Guajira. ICN8778, 3, 129–163 mm SL, Río 
Ranchería, Municipio de Barrancas, Guajira. ICN10896, 4, 90–228 mm SL, Río 
Ranchería, Municipio de Barrancas, Guajira. ICN9735, 2, 237–247 mm SL, Río 
Ranchería, Municipio de Barrancas, Guajira. ICN9715, 1, 172 mm SL, Río Ranchería, 
Municipio de Barrancas, Guajira. ICN8755, 1, 155 mm SL, Río Ranchería, Municipio de 
Barrancas, Guajira. ICN1869, 2, 161–180 mm SL, Río Andaqueda, afluente  del Río 
Atrato, La Vuelta, Choco. ICN16786, 3, 152–203 mm SL, Río San Jorge, Pueblo Nuevo, 
Córdoba. ICN493, 3, 220–232 mm SL, Río San Jorge, San Benito, Sucre. ICN115, 1, 127 
mm SL, Amparraido, Baudó. ICN10929, 5, 124–149 mm SL, Río Riito, Ranchería en 
confluencia con el mar, Ríohacha, Guajira. ICN8900, 1, 151 mm SL, Arroyo Cerrejón, 
Río Ranchería (Mina Cerrejón), Oreganal, Guajira. ICN11448, 3, 101–123 mm SL, 
Quebrada Bocorna, Río Guarino, La Dorada, Caldas. ICN16731, 1, 146 mm SL, Caño La 
Ceja, afluente de la Cienaga de Zapatosa, Chimichagua, Cesar. ICN13553, 2, 157 mm 
SL, Río Guarino, afluente Río Magdalena, La Dorada, Caldas. ICN11480, 1, 125 mm SL, 
Quebrada Casanguillas, Río Guarino, La Dorada, Caldas. Honduras: USM31946, 1, 185 
mm SL, Near by the town of Rus Rus, Gracias a Dios,Puerto Lempira (15°17'11.90"N, 
84°10'8.77"W). USM34359, 1, 168 mm SL, Rus River, near towm of Rus, Gracias a 
Dios, Puerto Lempira (14°51'56.21"N, 84°28'43.00"W). USM36020, 1, 163 mm SL, at 
Playa Zapotal, Sta. Barbara, Macuelizo (15°11'35.50"N, 88°20'7.40"W). USM34371, 1, 
144 mm SL, Rus Rus River, Laguna close to Rus Rus, Gracias a Dios, Puerto Lempira 
(14°48'40.51"N, 84°41'59.24"W). USM36025, 1, 132 mm SL, at Poza de Confisha in the 
Chamelecón River, Sta. Barbara, Macuelizo (15°11'28.51"N, 88°29'51.95"W). 





Macuelizo (15°11'30.35"N, 88°30'57.77"W). USM35976, 1, 147 mm SL, Chamelecón at 
Casa de maquinas, Sta. Barbara, Macuelizo (15°11'39.33"N, 88°31'42.84"W). 
USM36030, 1, 141 mm SL, Poza Borbollon at the Chamelecón River, Sta. Barbara, 
Macuelizo (15°11'42.91"N, 88°32'18.58"W). USM36043, 1, 107 mm SL,  Poza la 
Turbina in the Chamelecon River, Sta. Barbara, Macuelizo (15°11'53.49"N, 
88°32'42.64"W). USM36034, 1, 115 mm SL, Chamelecón, around 1 k upstream from 
dam site, Sta. Barbara, Macuelizo (15°11'49.02"N, 88°34'15.07"W). USM33946, 8, 122–
192  mm SL, Rio Grande,  Aguanqueterique bridge, La Paz, Aguanqueterique. 
USM35991, 5, 99–122 mm SL, Chamelecón, at the dam site for hydroelectrical project, 
Sta. Barbara, Macuelizo (15°11'45.14"N, 88°35'9.49"W). USM31749, 1, 110 mm SL, 
Rio Salado, Creek tributary of main canal close to the visitors center at Cuero y Salado, 
Atlantida, La Ceiba (15°45'26.78"N, 87° 1'36.49"W). USM31126, 2, 121–133 mm SL, 
Rio Santiago - around 800 m. upstream of the Tela / La Ceiba Hwy (15°37'47.81"N, 87° 
2'39.51"W). USM34066, 2, 127–130 mm SL, creek at the community of Silin, Colón, 
Trujillo (15°33'19.63"N, 85°32'5.04"W). USM34090, 2, 103–104 mm SL, Taujica, at 
bridge on Hwy Tocoa, Trujillo, Colón (15°24'26.06"N, 85°33'42.92"W). USM31644, 1, 
97 mm SL, El Bado, Yaguasire, Tributary of the Choluteca River, 5K west of 
Tegucigalpa, Francisco Morazan, Distrito Central (14° 0'20.36"N, 87°12'52.52"W). 
USM34368, 1, 150 mm SL, Rus Rus River near Rus Rus town, Gracias a Dios, Puerto 
Lempira (14°49'20.98"N, 84°30'15.26"W). USM31898, 1, 110 mm SL, Tulián river 
underneath bridge over Tulián River on Hwy to Omoa, Cortes (15°47'32.09"N, 
87°58'25.78"W). USM36077, 2, 119–142 mm SL, Rio Pespire close to a bridge, 





Espiritu close to a watermelon plantation, Rio Negro, Choluteca. USM45599, 3, 109–120 
mm SL,  Rio El Guijo, Ulúa drainage basin. USM35926, 3, 115–138 mm SL, Central 
River, 200 m down from base camp (site code 3964), Toledo (16°24'59.37"N, 89° 
1'23.85"W). USM35930, 1, 122 mm SL, Central River, 13 upstream from base camp (site 
code 3964), Toledo (16°25'2.88"N, 89° 1'32.05"W). USM35939, 1, 208 mm SL, Central 
River - below waterfall, Toledo (16°26'17.62"N, 89° 3'38.37"W). USM35943, 2, 120–
137 mm SL, Central River - Station 7, Toledo (16°25'39.66"N, 89° 1'56.95"W). 
Rhamdia laticauda: Honduras: USM35976, 2, 116 mm SL, Chamelecón at Casa de 
maquinas, Sta. Barbara, Macuelizo (15°12'29.50"N, 88°35'8.70"W). USM36060, 1, 115 
mm SL, Quebrada los tangos on road to town Los Tangos, Sta. Barbara, Macuelizo 
(15°10'15.20"N, 88°39'57.10"W). USM36017, 1, 97 mm SL, Chamelecón at Los Angeles 
bridge, Sta. Barbara, Macuelizo (15°11'8.80"N, 88°38'31.60"W). USM31578, 1, 131 mm 
SL, Rio Viejo at Road to La Colorada, La Ceiba (15°39'3.08"N, 86°42'29.62"W). 
USM35533, 2,104–165 mm SL, Quebrada la Relumbrosa at Comunidad Las Mangas, La 
Ceiba (15°42'1.41"N,  86°43'0.84"W). USM35967, 2, 99–131 mm SL, Quebrada de la 
Escondida at the bridge of the Escuela vieja, La Ceiba (15°42'37.13"N, 86°43'21.16"W). 
USM35959, 1, 114 mm SL, Rio Yaruca right at the union of the Río Yaruca and  Río 
Viejo, puente Río Viejo, La Ceiba (15°39'57.93"N, 86°41'24.99"W). USM31140, 2, 99–
110 mm SL, Rio las Camelias at bridge at the community of Las Camelias, La Ceiba 
(15°39'22.72"N,  87° 0'56.10"W). USM31126, 2, 121–133 mm SL, Rio Santiago around 
800 m. upstream of the Tela / La Ceiba Hwy., La Ceiba (15°37'28.45"N, 87° 2'42.18"W). 
USM31849, 1, 135 mm SL, Lancetilla river at the dam on Lancetilla River, Tela 





River, Tributary of  Lancetilla River along dam, Tela (15°42'58.14"N,  87°27'26.64"W). 
USM31863, 2, 130 mm SL, Quebrada Tilunga under the bridge Lancetilla river 
underneath at hammock bridge on path to the dam, Tela (15°43'19.24"N, 
87°27'26.68"W). USM31212, 1, 121 mm SL, Quebrada Entelina at the La Ceiba / Trujio 
Hwy close to the community of Entelina, Atlantida, Jutiapa (15°40'7.54"N,  
86°29'33.58"W). USM31640, 1, 121 mm SL, Rio Piedras  right at the community of Rio 
de Piedras Amarillas at the city Piedras amarilla, Atlantida, Jutiapa (15°39'13.60"N, 
86°33'48.09"W). USM31898, 1, 120 mm SL, Tulian river  underneath bridge over Tulian 
river on Hwy to Omoa, Cortes (15°47'39.05"N, 87°58'24.02"W). USM45618, 1, 140 mm 
SL, Tributary to Lancetilla River near bamboo tunnel, Lancetilla. USM45895, 2,110–144 
mm SL, Rio Danto, upstream from Rio Danto bridge. USM4558, 1, 150 mm SL, 
Quebrado del Viejo, behind Lancetilla Botanical Garden nursery. USM45577, 4, 106–
172 mm SL, Creek 2 km above Cangrejal Blanco junction road to the Camelias and El 
Japon, Cangrejal basin. USM45594, 4, 128–162 mm SL, Rio Danto, La Ceiba.  
Rhamdia laukidi: Colombia: IMCN-PE 6344, 5, 101–150 mm SL, Rio Orotoy, 
cuenca del Rio Meta. Meta. ICN10770, 4, 154–194 mm SL, Quebrada Bacabilla, 
SanMartin de Amacayacu, Amazonas. ICN5190, 1, 170 mm SL, Quebrada al Kilometro 
8, Leticia, Amazonas. ICN5029, 1, 152 mm SL, Río Puré, Letcia, Amazonas. 
ICN6717, 1, 106 mm SL, at gramalote in Río Leticia, Leticia, Amazonas.  
ICN12341, 7, 104–141 mm SL, Caño Cola de Pato, afluente Río Acacías, Meta. 
ICN12759, 2, 75–98 mm SL, Caño Iraca, afluente del Río Ariari, Meta. 





ICN8217, 1, 106 mm SL. ICN12342, 7, 78–117 mm SL, Caño Cola de Pato, afluente Río 
Acacías, Meta. ICN18777, 1, 86 mm SL, Caño Quenane, afluente del Río Guayunba. 
Villavicencio, Meta. ICN8191, 6, 103–145 mm SL,  Enamial, Río Acacias, Meta. 
ICN7655, 1, 108 mm SL,  Rio Caney-Cumaral, Meta. ICN9859, 1, 112 mm SL,  Caño 
Grandía, Acacias, Meta. ICN7565, 1, 106 mm SL, Caño Oajuil, Cubarral, Meta. 
ICN8218, 1, 95 mm SL, Caño Chupao, Meta. ICN8215, 1, 150 mm SL, Caño Aguas 
Verdes, Paz de Ariporó, Casanare. ICN8193, 5, 98–180 mm SL, Caño Gras, afluente del 
Río Tati. Paz de ariporo, Casanare. 
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PRELIMINARY OSTEOLOGICAL COMPARISON OF THREE SPECIES 
OF TRANS-ANDEAN RHAMDIA (HEPTAPTERIDAE) 
Abstract 
  A preliminary osteological comparison was carried out on twelve cleared and 
stained specimens and one skeleton of trans-Andean Rhamdia guatemalensis, R. 
saijaensis, and R. laticauda.  These comparisons indicate that the length of the cranial 
fontanel, the angle of the concavity at the base of the posterior cleithral process, and 
features of the transverse processes of the fourth and fifth vertebrae of the Weberian 
complex are good characters for distinguishing among these three species. Some 
variation in R. guatemalensis populations was observed.  
Introduction 
Rhamdia is a Neotropical genus of freshwater catfishes (Heptapteridae). Rhamdia 
is distributed from southern Mexico to central Argentina and at one time comprised 116 
nominal species. The validity of many species in the genus was questioned by Silfvergrip 
(1996), who reduced about 100 of the described species to synonymy, recognizing only 
11 as valid (Bockmann & Guazzelli, 2003). However, recent studies have questioned the 
degree of Silfvergrip’s “lumping,” based on ecology, morphometrics, and relationships 
inferred from phylogenetic analyses of DNA data (e.g., Hernández et al., 2015 in press; 
Perdices et al., 2002; Bichuette & Trajano, 2005).  
All catfishes can be easily distinguished from other fishes by the presence of 
unique osteological characteristics, especially in the head: a dorsoventrally depressed 





mesethmoid, and in general the loss of several bones, fusion of some, and reduction in 
size or numbers of others. Features of the skull skeleton are often helpful in species 
delimitation and phylogenetic reconstruction (Bockman, 1998; Arratia et al., 2003).  
Another important feature in catfishes is the Weberian apparatus or Weberian 
complex. The Weberian complex is an anatomical structure that improves sound 
transmission and thus assists in audition. It is formed by the fusion of the first five 
vertebrae in which the anterior centra, neural arches, supraneural and pleural ribs are 
modified and are intimately connected anteriorly with the auditory complex and 
posteriorly with the swimbladder (Clack & Allin, 2000; Grande & Pinna, 2004). The 
Weberian apparatus is found in otophysans, which include the Cypriniformes, 
Characiformes, Gymnotiformes, and Siluriformes (Nelson, 1994).  An analogous device 
is found in clupeomorphs, in which a direct connection between the swimbladder and the 
inner ear allows stimuli to be sent from the swimbladder to the utricula (Blaxter & 
Hunter, 1982); however, the Weberian apparatus of the otophysans is considered to 
provide a great auditory advantage over other groups, and among the otophysans, the 
Weberian apparatus in catfishes has been found to perform better in terms of audible 
frequencies than in the other otophysans groups (Ladich, 2000; Chardon et al., 2003). 
One of the diagnostic characters of the subfamily Rhamdiinae Bleeker (1862), 
which includes the genus Rhamdia, is the modification of the fourth transverse process of 
the Weberian complex (Lundberg et al., 1991; Lundberg & McDade, 1986; Arratia et al., 
2003). Since hearing improvements in catfishes may be selectively advantageous and a 
focus of evolutionary change (Chardon et al., 2003), changes in the Weberian apparatus 





 Because of the wide distribution of Rhamdia species, no comprehensive 
osteological studies have been done including all species, and the few studies available 
involve mainly R. quelen (Silfvergrip, 1996; Bockman, 1998). The purpose of this study 
is to compare osteological characteristics of three species of Rhamdia from the trans-
Andean region of South and Central America (north and west of the Andes), Rhamdia 
guatemalensis, R. saijaensis, and R. laticauda, and to determine if there are osteological 
characters that diagnose each of the species. Diagnostic or variable features uncovered 
here may be useful for studies of species delimitation in other species complexes of 
catfishes. 
Materials and Methods 
Cleared and stained (C&S) specimens were prepared according to the protocol in 
Ortega-Lara (2005), which was modified from Taylor (1967), Dingerkus and Uhler 
(1977), and Estrada (1977) (see Appendix 5.A for a detailed protocol). Terminology for 
the skeleton follows Lundberg and McDade (1986). The proportions of the mesethmoid 
do not include length or width of the anterior nor posterior processes. Vertebral counts 
include the Weberian apparatus (the first five modified vertebrae), abdominal vertebrae 
(free or with hemal archs) and caudal vertebrae. The compound caudal centrum (PU1 + 
U1) (Lundberg & Baskin, 1969) was counted as the last caudal vertebra.  
The first caudal vertebra is the most anterior with a full hemal spine subequal in 
length to the following spine (Lundberg & McDade, 1986). Since some differences in the 
depth of the caudal region were noted, the angle formed between the dorsal spine and the 





compound caudal centrum) with a protactor. Images were taken with a digital Canon 
EOS Rebel XS camera.  
Specimens were examined from the Zoological Reference Collection of the 
Museo de Ciencias Naturales Federico Carlos Lehmann Valencia del INCIVA in Cali, 
Colombia (IMCN) and the University of Southern Mississippi Ichthyology Collection 
(USM). 
Results 
Thirteen cleared and stained specimens and one skeleton were examined for 
osteological features and then compared across species. Several differences in the 
skeleton were observed among Rhamdia guatemalensis, R. saijaensis, and R. laticauda. 
Major differences were found in the cranial fontanels, the mesethmoid, the cleithral 
process, the supraoccipital process, the Weberian complex, the pectoral spine, and the 
number of vertebrae. 
One well-developed cranial fontanel (F) was present in all specimens. The 
fontanel was open and visible. In Rhamdia guatemalensis the posterior end of the cranial 
fontanel reaches the base of the supraoccipital (SO), whereas in R. saijaensis it extends 
just to the middle of the frontal bone, not passing the posterior border of the eyes. The 
posterior end of fontanel in R. laticauda also reaches the base of the supraoccipital. The 
anterior end of the fontanel in all three species is wider than the posterior end. In three of 
the smallest individuals a posterior rudimentary opening could be seen but was not 
present in larger individuals (Figure 5.1).  
 
 
Figure 5.1. Dorsal view of the head of (A) 
saijaensis, IMCN1836; and 
mesethmoid; FR, frontal; F, cranial fontanel; SO, supraoccipital; SOC, supraoccipital 
crest. Scale bars = 10 mm.
 
The anterior part of the mesethmoid (ME) is longer and narrower in 
guatemalensis (about 4 times longer than wide), and the two lateral processes, or cornua 
anterior, are transversely concave.  In 
 
 
Rhamdia guatemalensis, USM33946; (B) 
(C) R. laticauda, USM31782. Abbreviations: ME, 
 








(about 3 times longer than wide), also with concave anterior lateral processes. In R. 
laticauda the mesethmoid is very short and wide (about 2 times longer than wide), and 
the anterior lateral processes appear less concave than in R. guatemalensis or R. 
saijaensis (Figure 5.1).  
The posterior cleithral process (PP) (or humeral spine) is well developed and 
pointed in all Rhamdia species studied. In Rhamdia guatemalensis the posterior cleithral 
process is dorsally concave at its base, whereas in R. saijaensis and R. laticauda it is 
dorsally acute at its base (Figure 5.2). The supraoccipital crest (SOC) in lateral view is 
robust and long in Rhamdia guatemalensis, narrow and long in R. saijaensis, and robust 







Figure 5.2. Lateral view of the head of (A) Rhamdia guatemalensis, USM33946; (B) R. 
saijaensis, IMCN1836; and (C) R. laticauda, USM31782. Abbreviations: PP, posterior 






Some differences were noted in the Weberian complex (Figure 5.3). The posterior 
transverse processes (PTP4) of the fourth vertebra in R. guatemalensis are wide and 
divided by one deep central notch with very shallow notches in the distal tips of both 
fourth and five transverse processes, whereas in R. quelen, the fourth vertebra is 
composed by a wide transverse lamina without notches (Bockmann, 1998: vol. 2, 549). 
Another figure is shown in Lundberg and McDade (1986: 7) of R. guatemalensis, under 
the synonym R. sebae.  The transverse process of the fifth vertebra (TP5) is fairly 
straight, with just the tips curved and anteriorly directed. A very different pattern was 
noted from the specimens from Colombia in which the absence of deep notches in both 
PTP4 and TP5 calls for a more detailed comparison within R. guatemalensis populations. 
In R. saijaensis the posterior transverse processes of the fourth vertebra are narrower with 
more than one deep notch, and tips have very shallow notches. The transverse process of 
the fifth vertebra is noticeably curved and anteriorly directed. The tips have deeper 
notches than those of R. guatemalensis or R. laticauda. The posterior transverse 
processes of the fourth vertebra in R. laticauda are wide, with usually just one deep 
central notch and shallow notches in the tips being the ones on the second branch deeper 
than the ones in the first branch. The transverse process of the fifth vertebra is noticeably 
curved and anteriorly directed. The tips have more than one deep notch. The walls of the 
centrum of complex vertebrae (CCV) are straight and parallel in R. guatemalensis and R. 






Figure 5.3. Weberian complex in dorsal (top) and ventral (bottom) view of (A) Rhamdia 
guatemalensis, USM33946 from Honduras; (B) R. guatemalensis, IMCN1500 from 
Colombia; (C) R. saijaensis, IMCN1836; and (D) R. laticauda, USM31782. 
Abbreviations: ATP4, anterior transverse process of the fourth vertebra; PTP4, posterior 
transverse process of the fourth vertebra; TP5, transverse process of the fifth vertebra; 
CCV, centrum of complex vertebrae. Scale bar = 3 mm. 
 
The spine of the pectoral fin has serrations on both anterior and posterior margins 
in R. guatemalensis and R. saijaensis and only on the posterior margin in R. laticauda 







Figure 5.4. Dorsal or ventral view of the spine of the pectoral fin of (A) Rhamdia 
guatemalensis, USM33946; (B) R. saijaensis, IMCN1836; and (C) R. laticauda, 
USM31782. Scale bars = 2 mm. 
 
Total counts of vertebrae for R. guatemalensis ranged between 44 and 46, and 
there were some differences between the samples from Honduras and Colombia. For all 
specimens from Honduras, the total vertebrae count was 44: the first five formed the 
Weberian complex, 11 were abdominal vertebrae, of which the first seven were free and 
the remaining presented hemal archs, the first caudal vertebra was number 17, and the 
total number of caudal vertebrae was 28. The total vertebrae count from the Colombian 
individuals was 46: the first five formed the Weberian complex, 12–13 were abdominal 
vertebrae, of which the first eight were free and the remaining four to five presented 
hemal archs, the first caudal vertebra was number 17 or 18, and the total number of 
caudal vertebrae was between  28 and 29. The angle of the dorsal spine in the caudal 
peduncle was 40°. 
Total vertebrae counts for R. saijaensis was 45: the first five formed the Weberian 
complex, 12 were abdominal vertebrae, of which the first nine were free and the 





number of caudal vertebrae was 28. The angle of the dorsal spine in the caudal peduncle 
was 45°. 
Total vertebrae counts for R. laticauda varied between 44 and 45: the first 5 
formed the Weberian complex, 12–13 were abdominal vertebrae, of which the first eight 
to ten were free and the remaining presented hemal archs, the first caudal vertebra was 
number 17 or 18, and the total number of caudal vertebrae was between 27 and 28. The 
angle of the dorsal spine in the caudal peduncle was 50°. 
These features are summarized in Table 5.1. 
Discussion 
These preliminary osteological comparisons indicate that the length of the cranial 
fontanel, the angle of the concavity at the base of the posterior cleithral process, and 
features of the transverse processes of the fourth and fifth vertebrae of the Weberian 
complex are good characters for distinguishing among Rhamdia guatemalensis, R. 
saijaensis, and R. laticauda (Table 5.1). These observations also indicate that there is 
substantial variation in Rhamdia guatemalensis populations, for which additional 
sampling is critical for ascertaining broad-scale variability and for testing correlation of 








Summary of osteological characters. PP= posterior cleithral process, PTP4= posterior 
transverse processes of the fourth vertebra, TP5= transverse process of the fifth vertebra, 
CCV= centrum of complex vertebrae, WC= Weberian complex. 
 
Character R. guatemalensis R. guatemalensis R. saijaensis R. laticauda 
  (Honduras) (Colombia) 
 
 
Posterior end of  Base of Base of Middle of frontal Base of 
cranial fontanel supraoccipital supraoccipital  supraoccipital  
reaching 
 
Proportion of the 4 4 3 2 
mesethmoid (× 
longer than wide) 
   
Angle of concavity dorsally concave dorsally concave dorsally acute dorsally acute 
at base of the PP  
 
PTP4 of Weberian Wide, with one Wide, deep Narrow, with more Wide, with one 
complex central notch; notches absent than one deep deep central notch; 
 shallow notches in  notch; shallow deep notches on 
 distal tips  notches in distal tips of second 
   tips branch 
 
TP5 of Weberian Straight; tips Straight; tips Curved and Curved and 
complex curved anteriorly curved anteriorly anteriorly directed; anteriorly directed; 
   deep notches in more than one 
   tips deep notch in tips 
 
CCV of Weberian Straight and Straight and Straight and Wider near fifth 
complex parallel parallel parallel vertebra 
 
Total vertebrae 44 46 45 44–45 
counts (with WC) 
 
Free abdominal 7 8 9 8–10 
vertebrae 
 




Caudal vertebrae 28 28–29 28 28–29 
 
Angle of dorsal 40° 45° 45° 50° 







The width of the cranial fontanel in the Rhamdia specimens studied were 
consistent with most adult heptapterids in which the cranial fontanels are narrow, rarely 
exceeding 20–30% of their lengths (Bockman & Ferraris, 2005). Silfvergrip (1996) 
described the presence of two fontanels in Rhamdia quelen (in which R. guatemalenis 
and R. saijaensis were synonymized), a well-developed anterior one and a reduced 
posterior one with only a rudimentary foramen. In a few specimens, a rudimentary 
posterior foramen was noted, but in the majority of the specimens examined, only a well-
developed fontanel was present. Silfvergrip (1996) also observed that the posterior 
margin of the anterior fontanel in dorsal view does not surpass the posterior end of the 
ocular cavity in R. quelen. That characteristic was observed in R. saijaensis and the 
Colombian R. guatemalensis; however, R. guatemalensis individuals from Honduras 
presented a very long fontanel, not only passing the posterior end of the ocular cavity but 
reaching the anterior border of the supraoccipital (Figure 5.1).   
Although the anterior and posterior ends of the cranial fontanels in R. 
guatemalensis and R. laticauda reach the same cranial bones, the fontanel in R. laticauda 
is considerably shorter than in R. guatemalensis, mainly because the head in R. laticauda 
is considerably shorter than in R. guatemalensis (Hernández et al., 2015). Rhamdia 
saijaensis also had a very short cranial fontanel, but the wide head of R. saijaensis makes 
it very distinguishable from R. laticauda.  
The posterior cleithral process in most heptapterids is well developed, pointed, 
and dorsally demarcated by a well-defined concavity at its base (Bockman & Ferraris, 





that this concavity was more acute than concave in R. saijaensis and R. laticauda (Figure 
5.2). 
Although all Rhamdia species present a Weberian complex in which the 
transverse processes of the fourth and fifth vertebrae are laterally expanded with deep 
notches and distal tips diverging in arborescent patterns (Lundberg & McDade, 1986; 
Lundberg et al., 1991), some distinguishable differences in the width of the laminar 
transverse processes of the fourth and fifth vertebrae were noticed as well as the number 
of notches present between Rhamdia guatemalensis, R. saijaensis, and R. laticauda 
(Figure 5.3). The Weberian complex of R. guatemalensis and R. saijaenses also differs 
from the typical Weberian complex of R. quelen described by Bockmann (1998). 
The serrations of the posterior margin of the pectoral spine in R. laticauda were well 
developed. Serrations were not present in the anterior margin; however, it was common 
to find a few (2–3) dentations on the anterior distal margin (Figure 5.4). According to 
Lundberg and McDade (1986) the dentations of the posterior margin tend to be more 
weakly developed than the anterior ones in Rhamdia. In the specimens studied here, the 
“dentations” of the posterior margin were usually numerous and sharper than the ones on 
the anterior margin and were called “serrations.” The term dentation was used for those 
indentations located usually in the distal part of the anterior margin that were not sharp. 
In R. saijaensis and R. laticauda the serrations of the posterior margin were oriented at an 
almost 90° angle, whereas in R. guatemalensis the angle was more acute than straight 
(Figure 5.4). Presence or absence of serrations or dentations in the pectoral spine in 
Rhamdia varies and should not be used as the sole distinguishing characteristic between 





caution and in combination with other characters, such as the ones described in 
Hernández et al. (2015), it can be useful to differentiate R. laticauda from the other two 
trans-Andean species.  
Total number of vertebrae between the three species was very similar. One 
additional vertebra was found in R. guatemalensis individuals from Colombia versus the 
ones from Honduras, but more sampling is necessary to determine if that difference is 
consistent. Rhamdia saijaensis and R. laticauda had about the same total number of 
vertebrae. In R. laticauda the angle of the dorsal spine in the caudal peduncle was the 
largest of all. This contributes to the great depth of the caudal peduncle in R. laticauda 
when compared with the other two species. Indeed, this characteristic is the source of the 
specific epithet of this species: laticauda, from the Latin “latus” meaning “broad” and 
“cauda” meaning “tail.” 
As expected based on phylogenetic relationships (Hernández et al., 2015), there 
are more osteological similarities between R. saijaensis and R. laticauda than with R. 
guatemalensis. The osteological differences found between the two Rhamdia species 
studied here that were synonymized under R. quelen by Silfvergrip (1996) add to the 
molecular and morphometric evidence found by Hernández et al. (2015) which calls for 
the recognition of R. guatemalensis and R. saijaensis as their own species.  
The findings in this study are considered preliminary. Additional sampling, in terms of 
numbers of individuals, life stages of individuals, and geography, is clearly necessary.  









Species Specimens Examined                 Countries Represented 
Rhamdia guatemalensis 2 C&S and 1 skeleton Colombia 
 3 C&S Honduras 
Rhamdia saijaensis 4 C&S Colombia 
Rhamdia laticauda  4 C&S Honduras 
 
Species, country, museum and accession number, number of specimens 
examined, standard length (SL) of examined specimens, detailed locality data. 
Rhamdia guatemalensis: Honduras: USM33946, 1, 185 mm SL, Rio Grande, 
Goascoran, Gulf of Fonseca, La Paz; USM34170, 1, 140 mm SL, Rio Jila at the town of 
Cabañas de Copan, Motagua River drainage, Copan (14°49'53.96"N, 89°05'34.95"W); 
Colombia: IMCN1500, 1, 164 mm SL, Río Bajo Calima cerca a la estación Unitolima, 
cuenca del Río San Juan, Buenaventura, Valle del Cauca. IMCN2348, 1, 170 mm SL, Río 
Bajo Calima cerca a la estación Unitolima, cuenca del Río San Juan, Buenaventura, Valle 
del Cauca. IMCN3274, 1, 244 mm SL, Rio Chanco, hacienda El Amparo, Municipio 
Anserma Nuevo, Valle del Cauca. Skeleton: Colombia: IMCN 3275, 1, 168 mm SL, Río 
Cauca, Hormiguero, Valle del Cauca.  
Rhamdia saijaensis: Colombia: IMCN1836, 3, 91−191 mm SL, Quebrada 
Petecucho, cuenca del Río San Juan, Istmina, Chocó (5°08'22.58"N,  76°41'16.50"W). 
IMCN2348, 1, 84 mm SL, Río Bajo Calima cerca a la estación Unitolima, cuenca del Río 





Rhamdia laticauda: Honduras: USM31782, 2, 84 −147mm SL, Rio Piedra – Paso 
del Danto creek in the community of La Masica, Papaloateca River drainage, La Ceiba 
(15°39'57.20"N, 86°34'48.79"W); USM31630, 1, 82 mm SL, Quebrada El Sapo, right in 
the community of Lepaterique 100 meters away from the Catholic church, Nacaome 
River drainage, Francisco Morazan (14°03'40.85"N, 87°28'24.25"W); USM35971, 1, 155 
mm SL, Rio Viejo, road to La Colorada, Rio Cangrejal drainage, La Ceiba 
(15°38'52.59"N, 86°42'31.33"W). 
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Clearing and Staining Protocol  
The protocol for clearing and staining specimens was taken from Ortega-Lara (2005), 
which was a modification from the protocols from Taylor (1967), Dingerkus and Uhler 
(1977), and Estrada (1977). 
1. Place specimen in 96% alcohol for 48 hours. 
2. Place the specimen in Alcian Blue (7 parts 96% alcohol, 3 parts glacial acetic acid, 
and 10 mg of Alcian Blue) for 24–48 hours. If after this time cartilage structures are 
not blue, place in a saturated solution of Alcian Blue for 1–2 hours or until the 
cartilage has turned blue. Check often, because the flesh should NOT stain blue. 
3. Transfer to a saturated solution of sodium borate for 24–48 hours (with a volume of 
30–50× the volume of the fish). 
4. Wash the specimen in distilled water for 15–30 minutes. 
5. Transfer to a solution of 20 parts 3% hydrogen peroxide and 80 parts 1% potassium 
hydroxide (KOH). The solution should be in a clear container without a lid and with a 
source of light. The specimen should remain there for 8 hours. The specimen should 
be checked frequently to make sure it is always submerged in the liquid. 
6. Wash the specimen in distilled water for 15–30 minutes and then wash it in a 
saturated solution of sodium borate for another 15–30 minutes. 
7. Transfer to an enzyme solution of 3 parts saturated sodium borate, 7 parts distilled 
water, and 0.4 g of trypsin for each 400 mL of solution. It is very important to keep 





are clearly visible. Change the solution every week or sooner if it becomes 
putrefactive.  
8. Wash the specimen in 1% KOH and leave it there for 10 minutes.  
9. Transfer to an alizarin red solution. (Add enough alizarin red powder to a solution of 
96% alcohol until saturated. Then add 1% KOH until the solution turns deep purple.) 
Avoid any contact since this is a carcinogenic solution. Leave the specimen in this 
solution for 3 hours. 
10. Wash the specimen in distilled water until the excess red stain is gone.  
11. Transfer the specimen to a glycerine series of 40%, 70%, and store in pure glycerine.  
12. After handling/studying the specimens, add a few crystals of thymol to the pure 
glycerine. Once the thymol has been added, be careful since thymol is a toxic 
substance. 
